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A CO:4FUTATIONAL SYSTEN FOE 
AZ:FGCYi\lAi$IC D Z S I G N  AND ANALYSIS O F  
SUPERSONIC AIkCEiAFT 
W. D. Middleton, J. L.  Lundry,  and R. G .  Coleman 
Boeing Commercial Airnlane Company 
1 . 0 SU,rnAf. Y 
AL i n t e g r a t e d  sys tem of computer   programs has h e n  d e v e l o p e d   f o r  
t h e  desiqr ,  arid a c a l y s i s  of s u F e r s o n i c  c o n f i g u r a t i o n s .  
The   sys tem ccrcists of a n   e x e c u t i v e   d r i v e r   a n d   s + v e r :  basic 
c o n p u t e r  programs i r x l u d i n g  a p l o t  module, which  a r e  used  t o  b u i l d  
u p  t h e  f o r c e   c o f f i c i e n t s  of a s e l e c t e d   c o n f i g u r a t i o n .  
Docurrentation of t h e  systerr. has b e e n  b r o k e n  i n t o  3 parts: 
Part 1 - Gersral  D e s c r i p t i o n  a n d  Theoretical  DeveloFment 
P a r t  2 - Usx's ?/lama1 
Pa r t  3 - Conputer  Prograr D e s c r i p t i o n  
T h i s  par%, t h e  u s ? r l s   r r a n u a l ,   c o n k a i n s  a d z s c r i p t i o n  of the 
sys tem,  an e x p l a n a t i o n  cf i t s  usage ,  t h e  i n p u t   d e f i n i t i o n ;   a n d  
eXaITF1e OU+pUt, 
These t h r e e   d o c u m e c t s   u p e r s e d e  LASA c c n t r a c t c r   r e p o r t s  CR-2520, 
CF-2521,  ar,d CR-2522 w h i c h   d e s c r i b e d   a n  ear l ier  v e r s i o r .  of t h e  
systom. 
I n t e r a c t i v e  graFhics f o r   u s e  w i t h  the systom are o p % i o n a l ,  
em5loyifi.g t h e  NASA-LFC CkT d i s p l a y   a n d  associated software. A 
d e s c r i p t i o n  cf t h e  iriteractive g r a p h i c s   p o r t i o n  -of t h e   s y s t e m  is 
g i v e n  i n  A F p e r d i x  A. 
The comFutfr  Grogram i s  w r i t t e n   i n  FORTRAN I V  f o r  a SCOPE or  
XEGNOS o p e r a t i n g   s y s t e i n  arid l i b r a r y  f i l e .  It i s  d e s i g n e d   f o r  t h e  
C3C 6000 series of c o n p u t e r s  aEd i s  o v e r l a y - s t r u c t u r e d .  The 
system r e q u i r e s   a p p r o x i m a t e l y   1 1 5 0 0 0 8   c e n t r a l  memory words  and 
u s e s  eight. p e r i p h e r a l  disc f i les  i n   a d d i t i o n  t o  the i n p u t   a n d  
o u t F u t  f i l e s .  

2.0 INTRODUCTION 
A seriFs of i r , d iv idua l  compute r  p rograms  fo r  des ign  or a n a l y s i s  of 
s u p e r s o n i c   c o n f i g u r a t i o n s   h a s  been l i n k e d   t o g e t h e r   i n t o  a s i n g l e  
sys tem.  The sys t em,   because  of bu i l t - i n   communica t ion   be tween  the 
programs, i s  s u b s t a n t i a l l y   s i m p l e r  t o  i n p u t   a n d .   u s e   t h a n   t h e  
i n d i v i d u a l   p r o g r a m s   a p e r a t i f i g   i n  a s t a n d - a l o n e   n o d e .   I n   a d d i t i o n ,  
a ccnmon g e c m e t r y   f o r m a t ,   b a s e d   o n   t h e  NASA-LFC c o n f i g u r a t i o n  
plotting program,   has  been   adopted  t o  s t a n d a r d i z e  t h e  i n p u t  
r e q u i r 2 m e n t s  of t h e  bas ic  programs.  
I n t e r a c t i v e  g r a F h i c s  h a v e  b e e n  i n c l u d e d  i n  t h e  s y s t e m ,  t o  d i s p l a y  
o r  e d i t   i n p u t   a n d  t o  p e r m i t   m o n i t o r i n g   a n d   r e a d - o u t   o f   p r o g r a m  
results. The   g raph ic s   a r r angemen t  i s  ta i lcred s p e c i f i c a l l y  t o  the 
NASA-LtC CDC 250 c a t h o d e   r a y  t u b e   a n d   a s s o c i a t e d   s o f t w a r e .  
However, a l l  g r a p h i c s   a p p l i c a t i o n s   n a v e   b e e n   s u b r o u t i n e d  t o  t h e  
main Frcgrams  and  could be e a s i l y   c o n v e r t e d  t o  a d i f f e r e n t  
g r a F h i c s  set-up. 

3 . 0 DISCUSSION 
A s c h e x a t i c  of t h e  d e s i g n   a n d   a n a l y s i s   s y s t e m  is  shown i n  f i g u r e  
3.0-7. The  system consists of a n   e x e c u t i v e   " d r i v e r 1 '   a n d   s e v e n  
b a s i c   c o m p u t e r   F r o g r a m s   i n c l u d i n g  a p l o t   p r o g r a m   a n d  a geometry 
i n p u t  module, which a r e  u s e d  t o  b u i l d  u p  t h e  f a c e  C o e f f i c i e n t s  of 
a selacted c o n f i g u r a t i o n  a s  shown i n  f i g u r e  3.0-2. The sys t em may 
be used  with or w i t h o u t  i n t e r a c t i v e  g r a p h i c s .  
The c o m g l e t e   d e s i g n   a n d   a n a l y s i s   s y s t e m  is a s i n g l e  over la id  
computer  program,  with t h e  e x e c u t i v e   d r i v e r  a s  t h e  mair, overlay 
ar,d t h e  b a s i c  programs as  p r i m a r y   o v e r l a y s .  The bas i c   p rog rams  
m a n i p u l a t e   i n p u t   ( g e o m e t r y   m o d u l e ) ,   d r a w  a p i c t u r e  of the 
c o n f i g u r a t i o n .   ( p l o t   m o d u l e ) ,  o r  Fer form  des ign  or  a n a l y s i s  
c a l c u l a t i o n s .  
A e r c d y n a m i c   f o r c e   c o e f f i c i e n t s   f o r  a s e l e c t e d   c o n f i g u r a t i o n  a r s  
b u i l t  u p   t h r o u g h   s u p e r p o s i t i o n .  The i n d i v i d u a l   m o d u l e s  of t h e  
s y s t e n !  p r o v i d e  da t a  f o r  t h e  f o r c e  c o e f f i c i e n t  b u i l d - u p  as fo l lows :  
S k i n  f r i c t i o n  i s  computed  using f l a t  plate t u r b u l e n t  
t h e o r y .  
.m Wave d r a g  i s  c a l c u l a t e d   f r o m   e i t h e r  r.ear-field ( s u r f a c e  
p r e s s u r e   i n t e g r a t i o n )  o r  f a r - f i e l d   ( s u p e r s o n i c  a rea  
ru l e )   me thods ,  Tho nea r - f i e ld   me thod  i s  u s e d   p r i m a r i l y  
a s  a n  a n a l y s i s  tool, w h e r e  d e t a i l c d  p r e s s u r e  
d i s t r i k u t i o n s  3re of i n ' e r e s t .  The  f a r - f i e l d  n?eirhod i s  
u s e d   f o r  wave d r a g   c o e f f i c i e n t   c a l c u l a t i o n s   a n d  f o r  
f u s s l a g e   o p t i m i z a t i o n   a c c 0 r d i r . g  t o  area rule concep t s .  
0 D r a g - d u e - t o - l i f t  i s  conputed  f rom the l i f t  a n a l y s i s  
proqram, w h i c k  breaks a r b i t r a r y  w i n g / f u s e l a g ~ / c a n a r d /  
n a c e l l e s / h o r i z o n t a l  t a i l  c o n f i g u r a t i o n s  i n t o  a mosaic 
of "Nach-f=cxf1 r e c t i l i n e a r  s l e m e n t s  w h i c h  a re  EmFlcyed 
i n  l i n e a r  t h e o r y  s o l u t i o n s .  A complementary  wing  desigr.  
and  op t imiza t ion  p rogram,  a l s o  using t h e  Mach-box 
apFroach,  s o l v l s  f o r  t h e  w i n g  s h a p e  r e q u i r e d  t o  support 
a n  o p t i m i z e d  F r z s s u r e  d i s t r i b u t i o n  a t  a s p e c i f i e d  f l i g h t  
c o n d i t i o n .  
3.1 Systsm  Commucications 
Communication between t h e  e x t c u t i v e  and t h e  different k a s i c  
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I n p u t  
A l l  i n p u t  to the basic modules i s  h a n d l e d   t h r o u g h   t h e  
conmon  geometry module a n d  i t s  associated i n t e r f a c e s .  
A f u n d a m e n t a l   c o n s i d e r a t i o n   i n   t h e  setup of t h e   s y s t e m  
h a s  been t h a t   i n p u t  t o  the  basic rrodules would not be 
changed by t h e i r  i n c o r p o r a t i o n  i n t o  t h e  overal l  system. 
However, to minimize and  s i m F l i f y  s y s t e m   i n p u t  
r e q u i r e m e n t s ,  a spec ia l  geo r re t ry  modu le  has been created 
t o  r e a d  all i n p u t ,  a n d  t h e n  sort a n d  s t r u c t u r e  t h e  i n p u t  
Reeds of t h e  basic programs. 
Program Sequencing 
Prograrr ;   execut ion i s  o r d e r e d  by means of s p e c i a l  
i d e n t i f i c a t i o n   c a r d s ,   r e a d   i nt h e  e x e c u t i v e ,   w h i c h  
i n i t i a t e  a s p e c i f i c  o p e r a t i o n ;  f o r  i n s t a n c e :  
G E0M 
T h i s  card i n s t r u c t s  the e x e c u t i v e  t o  h a v e  t h e  
geomet ry  modu le  r ead  conf igu ra t ion  geomet ry .  
PL0T 
This c a r d  o r d e r s  a p l o t  of t h e  c o n f i g u r a t i o n  to 
be  drawn,  accord ing  t o  size and  v iew requ i r emen t s  
which w i l l  be s u p p l i o d .  
SKFE. 
Compute s k i n  f r i c t i o r !  fo r  t h e  c o n f i g u r a t i o n .  
O t h e r  s imi l a r  cards c o n t r o l  t h e  o t h e r   b a s i c   m o d u l e s .  m e  
c o n f i g u r a t i o n  t h a t  i s  t o  be p l o t t e d ,  o r  a n a l y z e d ,  rieed n o t  b e  ths 
c o m p l e t e   c o n f i y u r a t i o n  t h a t  has been  i put. .  Also, t h e   g e o m e t r y  
d p f i r i t i o n  may be upda ted   w i thou t   comple t e   r ep lacemen t   o f  t he  
g e c n e t r y  i n F u t .  
A sunmary  of t h e  e x e c u t i v e  c o n t r o l  c a r d s  i s  g i v e n  ir: S e c t i o n  4. 
For each b a s i c   F r o g r a m ,   t h e r e  a r e  some i n p u ? s   t h a t  a r s  n o t  
geometry.   (e g. ,  iwiach number, n u r b f r  of l o n g i t - u d i n a l   c u t s  i n  
a n a l y s i s ,  ~ C C . )  These i n p u t s  are  g i v a  immedia te ly  a f t e r  t h e  
p r o g r a r  c a l l i n g  c a r d  and a r e  r e a d  i n  t h e  p r o p e r  i x t e r f a c e  r o u t i n e  
i n  r-he geometry module. 
3)  Program Answers 
A l i r r i t ed  , amoun t  of con!mon s t o r a g e  b e t w e e n  the d i f f e r e n t  
Froqrars  i s  usza  t o  p r e s e r v e   a n s w e r s   2 n d   t r a n s f e r  d a t a  
be tween  odules ,  T n e  wing  desigr!  nlodule i s  t h e   l a r g e s t  
s i n g l e   p r o g r a m  i n  t h e   s y s t e m .   T h e r e f o r e ,  some cormon 
b locks  u s 2 d   i n   t h e   w i n g   d e s i g n   p r o g r a m  a r e  c a r r i e d  also 
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i n  t h e  executive level w i t h o u t   i n c r e a s i n g  t o t a l  system 
s i z e .  These data  b l o c k s  i n c l u d e :  
0 Wing camber s u r f a c e   d e f i n i t i o n  
Wing t h i c k n e s s   p r e s s u r e s  
0 Fuselage  upwash  kouyancy  pressures  
Nacelle p r e s s u r e   f i e l d  
0 A s y m m e t r i c  f u s e l a g e   b u o y a n c y   f i e l d  , 
(non  mid -wing  conf igu ra t ions )  
A n o t h e r  d a t a  b l o c k  t r a n s f e r s  t h e  o p t i m i z e d  f u s e l a g e  a rea  
d i s t r i b u t i o n ,  based o n   w a v e   d r a g   c o n s i d e r a t i o n s ,  t o  t h e  
gecmet ry  modu le  fo r  upda t ing .  
3.2 Geometry  Module 
The  f u n c t i o n  of the   geometry   module  i s  to read system  geometry 
i n p u t ,   u p d a t e  it i f  r e q u i r e d ,   a n d   a r r a n g e  it a s  needed t o r  the 
i n d i v i d u a l   p r o g r a m s   o f   t h e   s y s t e m .  A s c h e m a t i c  of t h e   g e c m e t r y  
module i s  shown i n  f i g u r e  3.2-1.  
The  geometry  module is a c c e s s e d  by t h e   x e c u t i v e  corltrol cards 
GEOM NEW ( i n p u t  new c o n f i g u r a t i o n )  o r  GEOM ( a d d i t i o n  o r  
reFlacement  cf comFon2nts) . The geometry  module i s  a l so  c a l l e d  t o  
u p d a t e   t h e   f u s e l a g e  or w i n g   c a m b e r   s u r f a c e   d 2 f i n i t i o n s   i f  t h e  
e x e c u t i v e  c a r d s  FSUP o r  WGUP are r e a d ,  
I n  a d d i t i o n ,   t h e   g e o m e t r y   m o d u l e  i s  c a l l e d  by the e x e c u t i v e  a s  a n  
i n t e r r r e d i a t e  s t e p  i n  the e x e c u t i o n  of a n y   o f   t h e   b a s i c   p r o g r a m s .  
T h i s  r e q u i r e s   t h e   p r o p e r   i n t e r f a c e   r o u t i n e  t o  be e n t e r e d ,   t h e  
systerr geometry t o  be p u t  i n t o  t h e  correct form for the   program t o  
bc, e x s c u t e d ,  a n d  a n y  s p e c i a l   ( n o n - q e o m e t r i c )   d a t a   r e q u i r e d  t o  be 
rsad. T h i s  is a l l  s t a c k e d   i n  t h e  proE;er  o der,   whereupon  the 
e x e c u t i v e  then c a l l s  Che bas i c  program. 
I n  c r d r r  to n i n i r i z ?  core s t o r a g e  r q u i r e m e n t s  of t h e  input d a t a ,  
b o t h  the b a s i c  s y s t e m  g e o n e t r y  and t h e  t r a n s f e r r s d  i n p u t -  ( f r o m  t h e  
geometry  module t o  a n o t h e r   p r c g r a n )  a r e  s t o r e d  on t a p e  (o r  d i s k ) .  
T h e  k a s i c  system geometry i s   reserved on a t a p e  when t he  geometry 
moduls is not in core,  and  tht input % t a c k ' !  f o r  a g iven   program 
i s  w r i t t e n  o n  a t a p e  t o  be read  by  % h e  p r o g r a m  when ca l l ed  b y  t h ?  
e x e c u t i v e .  T h e  i n p u t   t a p e   c r e a t e d  by ths geometry  module  %hus 
m e r s l y  r e p l a c e s  t h e  u s u a l  i n p u t  t a F e  w r i t t e n  from c a r d s .  
The f o r n a t  of t n e  sys%em  geometry  input  i s  t h e  same as  t h a t  of t h e  
NASA-LKC F l o t  p rog ram  ( r e fe rence  2). T h s r e  are  some r e s t r i c t i o n s  
( r e l a t i v e  t o  t h e   r e f e r e n c e  2 input) i n  t h e  a l l o w a b l e  numtGr o f  
i n p u t   d e f i n i n g  s t a t i o n s ,  however .   The   gecmetry   for ra t   and  limits 
a r e  giver! i n   s e c t i o r .  4. Some o p t i o n a l   g e o m e t r y  has a l s o   b e a n  
a d d e d .  T h i s   i n c l u d e s   p r o v i s i o r i s   f o r   f u s e l a g 2   p e r i m e t e r s  t o  h e  
i n p t   { i f  needed by the s k i n  f r i c t i o n  p r o g r a m ) ,  a n d  F r o v i s i o n s  f o r  
9 
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FIGURE 3.2-1.-SCHEMATIC OF GEOMETRY MODULE 
wing  camber  su r face  inpu t  a t  p l a n f o r m  s p a n w i s e  s t a t i o n s  o t h e r  t h a n  
thcsr s F e c i f i e d   f o r   t h s   s y s t e m   g e o m e t r y .   T h i s   c a n b e r   s u r f a c e  
d e f i n i t i o n ,   c a l l e d  WZQIHD, i s  d a t a   i n  t h e  form  normally  ger ,erated 
o r  u s s d  ky t h e   w i n g   d P s i g n   a n d   a n a l y s i s   p r o g r a r r s .  Also, n a c e l l e s  
may he  located e i t h e r   i n  t h e   c o o r d i n a t i   s y s t e m   o f  t h e   b a s i c  
gecr re t ry ,  o r  r e l a t i v e  t o  the local  wing   su r f ace ,   wh icheve r  is more 
conven i2n t  . 
3 . 3  P l o t  
The p lo t   modu le  ger.erates t h e  n e c e s s a r y   i n s t r u c t i o n s  for drawinqs  
of tk? i n p u t  c o n f i g u r a t . i o n ,  e i t h e r  i n  h a r d - c o p y  f o r m  ( C a 1   corn^) o r  
b n   t h e   c a t h o d e   r a y   t u ' b e .   V a r i o u s   v i e w   o p t i o n s  a r e  a v a i l a b l e .  The 
v i e w  c F t i o n  a n d  d r a w i n g  s i z e  are  c o n t r o l l e d  by  program inputs .  
The  lot Frogram was developed  a t  N A S A - L X  and   has   been  
i n c o r G o r a t e d   i n t o  t h e  sys tem with minimum change .   Docums~t   a t ion  
of t h e  proqram is  p r e s e n t e d  i n  r e f e r e n c e  2. 
A + y F i c a l   c o n f i g u r a t i o n   d r a w i n g   g e n e r a t e 3  by t h l   p l o t  Frogram i s  
shcwr ir, f i q u r e  3.3-1.  
3.4 S k i r ,   F r i c t i o n  
S k i n   f r i c t i o n   d r a g   f o r  a c o n f i g u r a t i o n  i s  computed by s e p a r a t i n g  
t h e  a i r p l a n e  i n t o  i t s  c o m p o n e n t s ,  t h e n  c a l c u l a t i n g  w e t t e d  a rea  a a d  
t h f  c c r r e s p o n d i n q  t u r b u l e n t  skin f r i c t i o n  d r a g  t o r  each component, 
The  wing, t a i l  and/or  canard  (corr,ponents  which may h a v e   l a r g e  
v a r i a t i o n s   i n   c h o r d   l e n g t h )  are s t r i p - i n t e g r a t e d  t o  o b t a i n   a n  
a c c u r a t e   , a v e r a q e   s k i n   f r i c t i o n   c o e t f i c i l n t .  S k i n  f r i c t i o n  
c o e f f i c i e n t s  are computed from t h e  method of r e f e r e r c e  1 .  
F l i g h t   c o n d i t i o n s  for  s k i n   f r i c t i o n   c a l c u l a t i o n s  may be i n p u t  
2 1 t h 2 r  a s  iqach Rumber /a l t i tude ,  o r  Reynolds  number  per foo t  acd 
t o t a l  t e m p e r a t u r e .   I f  t h e  u s e r   w i s h a s  t o  i n p u t   w e t t e d  a r e a s  f o r  
t h e   d i f f e r e n t   c o n p o n e n t s ,   r a t h e r   t h a n   h a v e   t h e   p r o g r a m   g e n e r a t e  
t h e  wetted a reas  from the   sys t em  geomet ry ,  s eve ra l  s p e c i a l   i n p u t  
o F t i c n s  are  Frovided .  
A schoxcat ic  cf  the s k i n  f r i c t i o n  p r o g r a m  i s  shown i n  f i g u r e  3 . 4 -  1. 
3.5 F a r - F i e l d  Wave Crag  Program 
This Frogram C C ~ F U ~ ~ S  t h e   z e r o - l i f t  wave d r a g   o f   a n   a r b i t r a r y  
c o n f i g u r a t i o n  by means of t h e   s u p e r s o n i c  a rea  rule .   The  program 
was c r i g i n a l l y   d e v e l o p e d  a t  t h e  i3oeing Company, and   has   been  
docur re rked   ( r e fe rence  3)  and  updated  by NASA-LEC. T h e   v e r s i o n   o f  
t h e  Frogram used i n  t n e  d e s i g n  a n d  a n a l y s i s  s y s t e m  i s  t h a t  of LRC. 




The f a r - f i e l d  wave drag  program is  e x t r e m e l y  v e r s a t i l e ,   a n d  
i n c l u d E s  a f u s e l a g e   a r e a   o p t i m i z a t i o n   f e a t u r e  which i s  v e r y  
u s e f u l ,  The f u s e l a g e   o p t i m i z a t i o n  i s  accompl ished  by r e q u i r i n g  
t h e  program t o  o p t i m i z e  t h e  o v e r a l l   a r 2 a  d i s t r i b u t i o n  of wing- 
n a c e l l e s - t a i l ,  etc., sub jec t  t o  a few f u s e l a g e  a r e a  c o n t r o l  p o i n t s  
o r  The p r o g r a m   t h e n   l ' f i l l s - i n t t  t h e  n o n - r e s t r a i n e d  
f u s e l a g e  a r e a  d i s t r i b u t i o n  i n  a n  op t imum fash ic r .  fo r  minimum wave 
d r a g .  
I n  t h e  d t s i g n   a n d   a n a l y s i s   s y s t e m ,  a f u s e l a g e   a r e a   d i s t r i b u t i o n  
may h e  o p t i m i z e d   b y   i n i t i a l l y   d e f i n i n g  it i n  the bas i c   geomet ry ,  
o p t i n i z i n g  t h e  d e f i n i t i o n  i n  t h e  fa r - f ie ld  wave 6rag  program,  and 
t h e n  t r a n s f e r r i n g  t h e  o p t i m i z e d  d e f i r - i t i o n  t o  t h e  geometry  module 
fo r  u s e  i n  f u r t h e r  des igr ,  o r  a n a l y s i s  c y c l e s .  The a c t u a l  t r a n s f e r  
of the o p t i m i z e d   f u s e l a g e   g e o m e t r y  i s  performed by u s e  of t h e  
e x e c u t i v e  card FSUP, a s  described i n  S e c t i o n  4.  
3 . 6  R e a r - F i e l d  Wave Drag 
T h e  near-f ie ld  wave d r a g   p r o g r a m   c o m p u t e s   z e r o - l i f t   t h i c k n e s s  
p r e s s u r e   d i s t r i b u t i o n s  fo r  a n   a r b i t r a r y   w i n g - b o d y - n a c e l l e  
c o n f i g u r a t i o n ,  The p r e s s u r e  d i s t r i b u t i o n s  are i n t e g r a t e d   o v e r   % h e  
.cross-sectional areas of t h e  c o n f i g u r a t i o n  t o  o b t a i n  t h e  r e s u l t a n t  
d r a g  force. T h i s  f o r c e  may or may n o t  c o r r e s p o n d  d i r e c t l y  t o  t h e  
d r a g   c o m p t e d  by t he  fa r - f le ld   method,   depending   upon the d e g r e e  
of t t t r a n s p a r e n c y ' '   s p e c i f i e d  for t h e  n e a r - f i e l d   p r e s s u r e  
i n t e g r a t i c n s .  
i3y t r a n s p a r e n c y  i s  meant   the  assumFtion of t he  f a r - f i e l d  mtkhod 
t h a t  F r s s s u r e  f i e l d s   f r o m  a l l  comFonents "pass through"  and 
i n t e r a c t  wi th  a l l  o t h e r   c o m p o n e n t s ,   r e g a r d l e s s   o f   p o s s i b l e  
p h y s i c a l  b a r r i e r s  i m p o s e d  by in-hetween  componeEts. 
T y p i c a l  p r e s s u r e  d a t a  from the n e a r - f  i e ld  program i s  p r e s e n t e d  i n  
f i g u r e  3.6-1. A wave d r a g  c o e f f i c i e n t  summary  from t h e  program 4s 
shown i n  f i g u r e  3 . 6 - 2 .  . 
The n e a r - f i e l d  p r o g r a m  has three p r i n c i p a l  u s e s :  
1) A s  a n   a n a l y s i s  t o o l  for  s t u d y i n g   t h e   z e r o - l i f t   d r a g  
f o r c e s  associated w i t h  t h e   i n t e r a c t i n g   p r e s s u r e   f i e l d s  
of d , i f f e ren t   con f igu ra t ion   componen t s .  In t h i s  r e s p e c t ,  
t h e   n e a r - f i e l d   p r o g r a m  has an   advantage   ovEr  t h e  f a r -  
f i e l d  wave d r a g  method i n  t h a t  there  need be no 
a s sumpt ion  of t r a n s F a r e n c y .  
2) As a s o u r c e  of loads d a t a  for s t r u c t u r a l   d e s i g n   a n d  
a n a l y s i s .  
3)  A s  E s o u r c e   o f   t h i c k n e s s   p r e s s u r e   f i e l d s  for u s e   i n  t h e  
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0 . 2  
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= 0.00072 
'"body 







interference = 0.0071 1 
= 0.0001 3 
Nacelle Terms 
Inboard Outboard 
Isolated C 0.00075  0.00 75 
Body-on-nacelle interference -0.00002 0.00000 
Nacelle-on-body interference 0.00005 0.00010 
Nacelleon-nacelle interference 
Direct 0.00034 0.00023 
Image 0.00054 0.00046 
Wing-on-nacelle interference -0.00043 -0.00058 
Nacelle-on-wing interference -0.001 56 
"wave 
CDnac = 0.00064 
Wing-body-nacelle C = 0.00775 
"wave 
FIGURE 3.6-2.-TYPICAL WA VE DRAG  COEFFICIENTSUMMARY 
NEAR-FIELD PROGRAM (M= 1.1) 
a n a l y s i s  p r o g r a m s  - (This o p t i o n .  i s  d e s c r i b e d  i n  s e c t i o n  
3.7, b u t   b a s i c a l l y   r e q u i r e s  that t h e  t o t a l  s u r f a c e  
p r e s s u r e   c o e f f i c i e n t   o n  khe wing, i.e., t h i c k n e s s + l i f t ,  
cannot be less t h a n  some specif ied f r a c t i c n  of vacuum 
p r e s s u r e  c o e f f i c i e n t . )  
If t h e  w i n g   t h i c k n e s s   p r e s s u r e s  a r e  t o  be   u sed  by t h e  
wing   des ign  o r  l i f t   a n a l y s i s   p r o q r a m s   i np r e s s u r e  
l i n i t i n g  o p t i o n s ,  t h e n  t h e  n e a r - f i e l d  p r o g r a m  m u s t  f i r s t  
be r u n ,   C u r i n g   p r o g r a m   e x e c u t i o n ,   t h e   t h i c k n e s s  
p r e s s u r e s  a re  l o a d e d  i n t o  a sys t em common b lock   and  a r e  
t h e n  ava i lab le  whPre needed, 
""_ Nacelle - p e s s u r e  """_ """ f i e l d  oJtions ""e - The n e a r - f i e l d   p r o g r a m  allows 
f o r  UF t o  3 p a i r s  of nacelles located e x t e r n a l  to the wing- 
f u s e l a g e  (Or 2 p a i r s  plus a s i n g l e   n a c e l l e  a t  Y = O )  - The n a c e l l e s  
may ke e i t h e r  a b o v e  o r  bslow t h e  w i q  (or b o t h ) .  
The mcelle F r e s s u r e   f i e l d  i s  t h e   p r e s s u r e   f i e l d  imposed cn t h e  
s u r f a c e  of the wing by t h e   r . a c e l l e s .  9- f e a t u r e  of t h e  n e a r - f i e l d  
p r o g r a r  i s  the cho ice   o f  f twrap l*   o r  I1g lance f f   so lu t ions  fo r  t h e  
n a c e l l e   p r e s s u r e   f i e l d ,  as shown i n  f i g u r e  3 . 6 - 3 ,  (The f a r - f i e l d  
w a v e  d r a g  p r o g r a m  u s e s  E s s E n t i a l l y  t h e  !'wrapI* s o l u t i o n ) .  
A v a i l a b l e  e x F e r i m e n t a 1  d a t a  do n o t  make i t  clear whether a tfwrap*' 
o r  * * g l a n c e f f   s o l u t i o n  i s  more correct. S i n c e   t h e   n a c e l l e - o n - w i n g  
i n t e r f e r e n c e  term is s u b s t a n t i a l ,  both s o l u t i o n s  a r e  a v a i l a b l e  i n  
t h e  F r o g r a m  ( c c n t r o l l e d  b y  a n  i n p u %  c o d e )  . 
3.7 Ving  Cesign  and L i f t  A n a l y s i s  
T h e  wing   d2s ign  and  l i f t  a n a l y s i s   p r o g r a m s  a re  separate 1 i f t . i n g  
s u r f a c e  r e t h c d s  which so lve  the d i r e c t  o r  inverse problerr, of: 
d Dssign  - t o  defir.2 t h e  wing camksr s u r f a c e   s h a p e  
r e q u i r e d  t o  produce a se lec t2d  l i r t i r l g   F r c z s s u r e  
d i s t r i h u t . i c n .  T h e  wing d e s i g n   p r o q r a m   i n c l u d e s  methods 
f o r  d e f i r ? i n g  an o p t i n u r n  p r e s s u r e  d i s t r i b u t i o n .  
Lift a n a l y s i s  - t o  d 2 f i r . e   t h  l i f t i n g   p e s s u r 2  
d i s t r i k u t i o n   a c t i n g   o n  a g i v e n  wing camber   su r f ace  
s h a p e ,  a n d  c a l c u l a t e  tke a s s o c i a t e d  f o r c e   c o e f f i c i e n t s .  
The lift a n a l y s i s   p r o g r a m   c o n t a i n s  solut ioRs fo r  t h e  e f f e c t  of 
f u s e l a g e ,  nace l les ,  c a n a r d   a n d / o r   h o r i z o c t a l  t a i l ,  and wing 
t r a i l i n g   e d g e  f l a p s  or  i r -c rementa l   wing twist. Using 
s u p e r F o s i t i o n ,  t h e  p rogram  so lves  f o r  d r a g - d u e - t o - l i f t ,  l i f t  c u r v e  
s l c F 2 ,  a n d   F i t c h i 2 g  mcmnnr cnarac te r i s t ics  of a given 
c o n f i g u r a t i o n   t h r o u g h  a r a n g e  of angles of a t t a c k  a t  a s e l e c t e d  
;4a c h  r.umlc;sr. 
17 
The  nacelle  pressure field and accompanyin? shock  waves  "glance" 
away from the  wing when encountering  adjhilent nacelles. In 
application,  the  nacelle  generated  Pressure field is terminated  on 
encountering  another nacelle. 
PRESSURES  "WRAP" AROUND  ADJACENT NACELLE 
The  nacelle  pressure fields  and  accompanying shock  waves 
"wrap"  around  adjacent  nacelles. In application,  the  nacelle 
generated  pressure field is allowed to pass through  another 
nacelle as if it were transparent. 
FIGURE  3.6-3.-NACELLE PRESSURE FIELD CONCEPTS 
c 
The  wing  design  program is  mor? l i m i t e d  i n  scoFe, six.5 it i s  used  
tc s c l v e  f o r  t h e  wing shape r e q u i r e d  t o  s u p p o r t  a d e s i g n   p r e s s u r e  
d i s t r i k u t i o n  a t  a s p e c i f i e d   f l i g n t   c o c d i t i o r . .   T h e   p r o g r a m  also 
c o n t a i n s ,   h o w v e r ,  a number of o p t i o n a l   f e a t u r e s   f o r   i d e n t i f y i n g  
t h e   d P s i g n   p r e s s u r e   d i s t r i b u t i o n ,   T h i s  is  a demanding  so.lution, 
bEcause it Leequires t h a t :  
0 C r a g - d u e - t o - l i f t  of t h e   w i n g  be minimized a t  a q i v e n  
t o t a l  l i f t ,   s v h j e c t  to a n   o p t i o n a l   p i t c h i n g  moment 
c o n s t r a i n t .  
0 C o n s t r a i n t s  be a p p l i e d  t o  t h e   d e s i g n   F r e s s u r e  
d i s t r i b u t i o n  -to p r o v i d e  p h y s i c a l  realism. 
0 E f f e c t s  of f u s e l a g f   u p w a s h ,   n a c e l l e   p r e s s u r e   f i l d ,  
etc. ,  be r e f l e c t e d  i n  t h e  d e s i g n  s o l u t i o n .  
w ing  Je s ign  and  Op t i r t5za t ion  
Given a wing   p l a r . fo r rn   a d   f l i gh t   cond i t i c r . ,  t h e  wing  desiqn 
Frcgram so lves  f o r  a n  oFtimum ( l e a s t  d r a g )   F r e s s u r e   d i s t r i b u t i o n  
and  t h e  c o r r s s p o n d i n g  wing s h a p e ,  s u b j e c t  t o  s p e c i f i e d  c o n s t r a i n t s  
o n  : 
0 Total l i f t  
0 P i t c h i n g  moment a t  z e r o  l i f t  
Uy.Fer  s u r f a c e  p r e s s u r e   c o f   f i c i e r , t   l e v e l   a n d / o r  
s t r e a m w i s ?  g r a d i e n t  
O r d i n a t e  a t  d e f i p n d   F l a n f o r n   l o c a t i o n s  
B a s i c a l l y ,   t h e  method of the   wing   dee igR  program i s  t h a t  of 
r e f e r s n c o s  4 and  5. F o r  u s e  i n  t h e  i n t e g r a t e d  d e s i g n  and a n a l y s i s  
system, however, t he   p rog ram has b e e n   s u b s t a n t i a l l y   e x p a n d e d  to 
p r o v i d e  t h e  f o l l o w i n g  c a p a b i l i t y :  
0 Use of any  combinat ion (or all) o f   t e n  basic l i f t i n g  
p r e s s u r e  l o a d i n g s ,  i n  a n  o p t i m u m  f a s h i o n .  .. O p t i m a l   i m p o s i t i o n  of p r e s s u r e  level a n d   p r e s s u r e  
g r a d i e n t   c o n s t r a i n t s  on the   w ing  upper s u r f a c e ,  t o  
p r e v e n t   o c c u r r e n c e   o f   u n r e a l i s t i c a l l y  low p r e s s u r e  
c o e f f i c i e n t s  . 
a o p t i o n a l   c o n s i d e r a t i o n  of t h r e e   c o n f   i g u r a t i o n - d e p e n d e n t  
l o a d i n g s   ( f u s e l a g e  upwash  and buoyancy,   and acel le  
p r e s s u r e   f i e l d )  . 
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FIGURE 3.7-1:-EFFECT OF NUMBER OF LOADINGS ON WING DESIGN 
e O p t i o n a l   c o n s i d e r a t i o n   o f   h r e e   w i n g   c a m b e r - i n d u c e d  
l o a d i n g s   w h i c h  are p r o p o r t i o n a l  t o  t h e   t h r e  
c o n f i g u r a t i o n - d e p e n d e n t   l o a d i n g s .  T h i s  i n t r o d u c e s  
camber - r e l a t ed  terms t o  modula te  the c o n f i g u r a t i o n  
r e l a t e d   l o a d i n g s  (Example: t r a i l i n g   e d g e   r e f l e x  for 
nace l l e  buoyancy  load i .ng ) .  
0 o p t i o n a l   i d e n t i f i c a t i o n  of a small p l an fo rm region 
(e.g., t r a i l i n g   e d g e   f l a p )   f o r  special i n c r e m e n t a l  
l oad ing .  
* O p t i o r , a l   c o n s t r a i n t s  o n  c a m b e r   s u r f a c e   o r d i n a t e  a t  
s p e c i f i e d  p l a n f o r m  l o c a t i o n s .  
The  F r e s e n t a t . i o p  of t h e   w i n g   d e s i g n   r e s u l t s ,   f o r   s e l e c t i o n  of a n  
o F t i n u r r .   F r e s s u r e   d i s t r i b u t i o n ,  i s  i n  t h e   f o r m   o f   d r a g - d u e - t o - l i f t  
v e r s u s   z e r o - l i f t   p i t c h i n g  moment (Cmo ) . A t y p i c a l   p r e s e n t a t i o n  
i s  shown i n   f i g u r e  3.7-1, i l l u s t r a t i n g   t h e   e f f e c t  of i n c r e a s i n g  
t h e  nurrber of d e s i g n   l o a d i n g s   a n d   a d d i n g  the nace l le -buoyancy  
l o a d i n g .   S e l e c t i n g  a CL and C,,  c o m b i n a t i o n   f o r   t h e   w i n g   d e f i n e s  
a COrreSFOnding   p re s su re   d i s t r ibu t ion  which may t h e n   b e   u s e d  t o  
g e n e r a t e  t h e  a s s o c i a t e d   w i n g   c a n k e r   s u r f a c e   s h a p e .  (The b u c k e t  
slot i s  n o t  u s e d  w i t h  o r d i n a t e  c o n s t r a i n t s ,  however , and only t h e  
s c l u t i o n  c o r r e s p o n d i n g  t o  t h e  d e s i g n  p o i n t  v a l u e s  of CL and cm0 i s  
p r i n t e d .  ) 
""_ P . r e s s u r e  c o n s t . r a i n t s .  - The use  of  a l a r g e  number o f   b a s i c   w i n g  
l o a d i n g s   p e r m i t s   g r e a t   f l e x i k i l i t y   i n   i d E n t i f y i n g  a t h e o r e t i c a l l y  
oF t i l ruE   1 i f t i r . g   F re s su re   d i s t r ibu t ion .   Such   an  op t imum may be 
p h y s i c a l ' l y   u n r e a l i s t i c ,   h o w e v e r .   L i n e a r   t h s o r y   c o n t a i n s   n o  
l i r r i t a t i o n s   o n   a l l o w a b l e   s u r f a c e   p r e s s u r e s ,  e.g., "optimumt' 
p r e s s u r e   d i s t r i b u t i o n s  may w e l l  i n v o l v e   u p p e r   s u r f a c e   p r e s s u r e  
c o e f f i c i e n t s  lower t h a n  vacuum Cp. To a v o i d  t h i s  p o s s i b i l i t y ,  a 
p r e s s u r e   c o p s t r a i n t   f o r m u l a t i o n   h a s   b e e n   a d d e d  t o  t h e  s o l u t i o n .  
T h i s   f u n c t i o n s  by l i m i t i n g   t h e   t o t a l  w i n g   u p p e r   s u r f a c e   p r e s s u r e  
c o e f f i c i e n t  %o b e   q u a l  t o  or g r e a t e r   t h a n   a n   i n p u t  Cp, and  by 
l i m i t i n g  t h e  l o n g i t u d i n a l  g r a d i e n t  of t h i s   u p p e r   s u r f a c e   p r e s s u r e  
t o  be less t h a n  or q u a l  t o  an  i n p u t  g r a d i e n t  l e v e l .  
By s u p e r p o s i t i o n ,  the t o t a l   u p p e r   s u r f a c e   F r e s s u r e   c o e f f i c i e n t  i s  
t h e  sum cf wing   t h i ckness   p re s su re   ( f rom t h e  n e a r - f i e l d  wave d r a g  
program, as n o t e d  i n  S e c t i o n  3.6), f u s e l a g e   p r e s s u r e   f i e l d ,   a n d  
+-he u F F e r  s u r f a c e  l i f t i n g  p r e s s u r e .  
The e f f e c t  of c o n s t r a i n i n g  t h e  a l l o w a b l e   d e s i g r ,   p r e s s u r e  
d i s t r i b u t i o n  f o r  a basic wing  planform  {nofuselage)  i s  
i l l u s t r a t e d   i n   f i g u r e  3 .7-2 .  For a g iven   p lanform  and  set  of 
l o a d i r g s ,  the program  cyc les  t o  f i n d  an  op-imum p r e s s u r e  
d i s t r i b u t i o n  (least d r a g )   s u b j e c t  t o  i n p u t   c o n s t r a i n t   c o n d i t i o n s .  
First a n  optimum load ing   combina t ion  i s  found ,   t hen  t h e  
C o r r E s F o n d i n g   F e a k   p r 9 s s u r e   l e v e l   a n d   g r a d i e n t   a r e   l o c a t e d .  If 
e i the r  v i o l a t e   t h e   i n p u t  limits, a new optimum  Loading i s  found 
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n DESIGN  POINT M = 2.7, CL = .10 
1. Basic wing solution (no fuselage) 
2. Cp limit = .7 vacuum 
3. Gradient limit set by  maximum 
level 
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w i t h  a F r e s s u r e  c o n s t r a i n t  a p p l i e d  a t  t h e  l o c a t i o n  o f  t h e  raximum. 
p r e s s u r e   v i o l a t i o n .  The new oFtiIrum i s  thsn  examined,  e tc .  
G r a d i e n t  i s  e v e r y w h e r e   s a t i s f i e d   h e f o r e   l e v e l  is c o n s t r a i n e d ,  a s  
d e s c r i b e d  i n  the theory  document ,   volume 1. 
T h 2  c y c l i c   o p e r a t . i o n   c t i n u e s  w-til the wing  prPssure  
d i s t r i b u t i o n   e v e r y w h e r e   s a t i s f i e s   t h e   p r e s s u r e   c o n s t r a i n t s .  Tn 
t h e  2xamFle case shown, t h e  e f f e c t  of a d d i n g   p r e s s u r e   c o n s t r a i n t s  
s h i f t s   t h e   d r a g  minimum f r o m   t h e   b u c k e t   p l o t   l e v e l  t o  t h e  l e v e l  
i n d i c a t e d  by the f l a g g e d  symbol. 
I t  c a n  o c c u r  t h a t  the i n p u t  p r e s s u r e  g r a d i e n t  c o n s t r a i n t  c a n n o t  be 
s a t i s f i c d   w i t h i r ;   t h e   o t h e r   c o r t s t r a i n t   b o u n d s  of Cmo, wing 
t h i c k n e s s   p r e s s u r e s   a n d / o r  Z c o n s t r a i n t s .   I nt h i s  case, t h e  
prog-ram a u t o m a t i c a l l y   i n c r e a s e s  t h e  i n p u t   a c c e p t a b l e   g r a d i e n t  
l e v e l  by 20 p e r c e n t   a n d  t r ies  aga in .   Th i s  process w i l l  c o n t i n u e  
u n t i l  t h e  g r a d i e n t   l e v e l  i s  s a t i s f i e d .  N o  similar o F t i o n  i s  
a F F l i e d  to t k e  F r e s s u r e   l e v e l   c o n s t r a i n t ,   h o w e v e r ;   i f   p r e s s u r e  
level c a r m o t  b e  s a t i s f i e d ,  t h e  p r o g r a n  halts. 
A f u r t h e r   d i s c u s s i c n  of p r e s s u r e   c o n s t r a i n t   a p p l i c a t i o n  is  g iven  
on page 29. 
""" Loading """""" d e f i n i t i o n s
a v a i l a b l e   w i t h i n  t h  
'The c o n f i q u r a t i o n  
. - A t a b u l a t i o n  of t h e  p r e s s u r e   l o a d i n g s  
e design program i s  g i v e n  i n  Table I on p q e  24. 
dependen t   l oad ings  may be u s e d   b o t h   a s  a 
s u ~ e r i m p o s e d ,   i n d e p e n d e n t   e f f e c %  ar.d a l s o  as  a d e f i n i t i o n   o f  a 
loading   which  may be v a r i e d  (by  wing  camber) i n  t h e  o p t i m i z a t i o n  
Frccess. 
A s  a n  i n d e p e n d e n t   e f f e c t ,   t h e   c o n f i g u r a t i o n - d e F e n d e n t  
l o a d i n g   a c t s   u F o n  t h e  wing i n  t h e  o p t i m i z a t i o n   p r o c e s s ,  
b u t  cannot be v a r i e d  ( l o a d i n g s  15- 17 )  . 
0 A s  a l o a d i n g   d e f i n i t i o r ,  ( 1 2 - 1 4 ) ,  a c o n f i g u r a t i o n -  
dependent  loading  produced  by  wir.9 camber may be 
i n t r o d u c e d  in a d d i t i o n  to its i n d e p e n d e n t   e f f e c t ,  The 
o p t i m i z a t i o n   t h e n   c o u l d   c a n c e l  the  l i f t  of t h e  
i n d e p e n d e n t   e f f e c t  w i t h  t h i s   cambEr -gene ra t ed   l oad i r ,g ,  
i f  t h a t  were the-   opt imum  solut ion.  
A c o c f i g u r a t i o n - d e p e n d e n t  l o a d i n g  may n o t  be used  as t h e  s o u r c e  o f  
a v a r i a b l e   o a d i n g   w i t h o u t  a l so  u s i n g  it as a n   i d e p e n d e n t  
l oad ing .  
""" Fuse lage  "_ i n  w i n g  ""_ d e s i g n  """" s o l u t i o n .  - The f u s e l a g e  may be i n c l u d e d  
i n  t h e  w i n g   d e s i g n   s o l u t i o n  by i n p u t   o f   u s e l a g e   g e o m e t r y   a n d  
s p e c i f y i n g  a s i d e - o f - f u s e l a g e   s e m i - s p a n   s t a t i o n .  The r e s u l t i n g  
s c l u t i o n  i s  t h e n  s p l i t  i n t o  t w o  p a r t s :  t h e  w i n g  p a r t  ( o u t b o a r d  o f  
s i d e - o f - f u s e l a g e   s t a t i o n )   w i t h   l o a d i n g   d e f i n i t i o n s  as d e s c r i b e d  
p r e v i o u s l y ,   a n d the p a r t   ( i n b o a r d  of side-of -f u s e l a g e  
























Proportional to x, the distance from the leading edge 
Proportional to y, the distance from the  wing centerline 
Proportional to y 
Proportional to x 
Proportional to x(c - x), where c is local chord 
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Proportional to x' (1.5 c -x) 
Proportional to 2 (1 + 15 5)-0,5 
Proportional to (1.05 c-x) ' .~ 
Elliptical spanwise, proportional to i- 
Proportional to x, the distance from the leading edge of an 
arbitrarily  defined region 
A camber-induced loading proportional to the  body  bouyancy 
loading 
A camber-induced loading proportional to the body upwash loading 
A camber-induced loading proportional  to the nacelle buoyancy 
loading 
The body  bouyancy  loading 
The body upwash loading 
The  nacelle buoyancy loading 
C 
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t he  l t ca r ry -ove r l1  type ,  and  are d e p e n d e n t  f u n c t i o n s  of t h e  l o a d i n g s  
o u t b c a r d  of t h e   s i d e - o f  -f use lage .  
Drag of t h e   8 t f u s e l a g e 1 1  part i s  c a l c u l a t e d   b y   a p p l y i n g  the c a r r y -  
o v e r   l o a d i n g s  t o  t h e   f u s e l a g e   c a m b e r l i n e .   T h e   o u t b o a r d ,  o r  wing, 
part is handled  a s  fo r  the wing  a lone  case, w i t h   i n t e g r a t i o n s  
b e g i r n i n g  a t  the s ide -o f   - fu se l age .   The   w ing- fuse l age   so lu t ion  
' t h u s   r e f l e c t s   t h ei c t e r d e p e n d e n c e   o f   w i n g  a d   f u s e l a g e  
c o n t r i b u t i o n s  t o  t h e  wing d e s i g n  o p t i m i z a t i o n .  
T h e r e  are s e v e r a l   c o n s i d e r a t i o n s  of i m p o r t a n c e   i t h e  
w i n g / f u s e l a g e  s o l u t i o n :  
a Wing p a n e l i n g   ( i n t e r n a l   d e f i n i t i o n  of wing  eometry) may 
r e q u i r e  a s l i g h t   s h i f t   i n  the i n p u t   s i d e - o f - f u s e l a g e  
s t a t i o n .   T h i s  is a c c o m p l i s h e d   a u t o m a t i c a l l y   i n   t h e  
Frogram and a n  e x p l a n a t o r y  n o t e  i s  p r i n t e d .  
* T h e   f u s e l a g e   a t t i t u d e   a n d   w i n g   c a m b e r l i n e  a t  %he side- 
o f - f u s e l a g e   m u s t   a p p r o x i m a t e l y   a l i g n  for t h e   d r a g  
i n t e g r a t i o n s  to b e   v a l i d .   E x p e r i e n c e  h a s  shown that it 
i s  n e c e s s a r y  for 53 c o n s t r a i n t s  t o  be a p p l i e d  t o  t h e  wing 
c a n b e r l i n e  a t  t h P   s i d e - o f - f u s e l a g e  f o r a t h i s  t o   c c u r .  
( e  c o n s t r a i n t s  a r e  d i s c u s s e d   i n  more d e t a i l  on page 
33). 
* For convenience ,  t h e  f u s e l a g e   a t t i t u d e   ( r e l a t i v e   t o   + h e  
b a s i c   g e o m e t r y   d e f i n i t i o n )   i n  b o t h  t h e  l i f t  a r . a l y s i s  
program ( t o  g e n e r a t e  upwash load ing)   and  t h e  wing diesigr, 
program  can  be  changed wi thc l l t  r e v i s i n g  t h e  b a s i c  
g e o m e t r y .   ( I n   t h e   l i f t   a n a l y s i s  rndyle,  t h i s  i s  done by 
a s p e c i a l   a p p l i c a t i o n  of t h e   p r 2 s s u r e   l i r i t i n g   o p t i o n .  
Set F L I N I T = l  . O ,  a n   a p p r o p r i a t e   v a l u e  of vacuum f r a c t i o n  
VACFR,  and  increment  t h e  f u s e l a g e   a n g l e  of a t t a c k   i n  
TLALP) . 
I n c l u s i o n  of t h e   f u s e l a g e   i n   t h e   w i n g   d e s i g n   s o l u t i o n  i s  
i l l u s t r a t e d   i n   f i g u r e  3 . 7 - 3 .  In t h e  example cas2 snown, t h e  wing 
c a n b e r l i n ?  a t  t h e  s i d e - o f - f u s e l a g e  was c o n s t r a i n e d  a t  t h e  f o u r  
l c c a t i o n s   i n d i c a t e d .  A b u c k e t   p l o t  i s  no t   p roduced  when E 
c o n s t r a i n t s  are u s e d ;   h o w e v e r ,   t h e  e f f 2 c t   o fa d d i n g   p r e s s u r e  
c o n s t r a i n t s   t o   t h e   s o l u t i o n  is i l l u s t r a t e d  by t h e  syxrbols on t h e  
d r a g - d u e - t o - l i f t   v e r s u s  Cmo p l o t .  
"""""" Use cf c o n f i q u r a t i o n - d s e n d e n t  "-"" """""_ l o a d i n g s .  - AD. example of t h e  
i n c l u s i o n   o f  a c o n f i g u r a t i o n - d e p e n d e n t   l o a d i n g  i s  i l l u s t r a t e d  i r  
f i g u r e  3.7-4, showing  lv ref lex ingl t  of t h e  wing  due t o   n a c e l l e  
i n f l u e n c e s .  The wing t r a i l i n g   e d g e  i s  b e n t   u p w a r d   l o c a l l y ,  o r  
r e f l e x e d ,  t o  t a k e  a d v a n t a g e  o f  p o s i t i v e  p r e s s u r e  c o e f f i c i e n t s  f r o m  
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FIGURE 3.7-4. -EFFECT  OF  ADDING  NACELLES TO WING  DESIGN  SOLUTION 
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The l o a d i n g s  due t o  t h e   f u s e l a g e   i n c l u d e  both l i f t  c a u s e d  by the 
f u s e l a g e  upwash f i e l d  and a l s o  l i f t   d u e  t o  a s y m m e t r i c  d i s t r i b u t i o n  
of fuse l age   vo lume  a h v e  and belcw t h e  wing  ( on mid-wing 
ar rangement )  . 
A s  a s p e c i a l  case, the   a symmet r i c   fu se l age   buoyancy   l oad ing  
(number 1 5 ) ,  can  be used   even  i f  i t s  ne t  l i f t  i s  z e r o ;   t h i s  
f e a t u r e  permits t h e   i n c l u s i o n  of f u s e l a g e   t h i c k n e s s   p r e s s u r e s  i n  
t h e   F r e s s u r e   l i m i t i n g  case for a mid-wing  arrangement. However, 
if t h e  f u s e l a g e   b u o y a n c y   l i f t  i s  z e r o ,   t h e   w i n g  camber l o a d i n g  
p r o F c r t i o n a 1  t o  t h e  fuse lage   buoyancy   loading   (number  1 2 )  cannot. 
be used, s i n c e  it would   cause  t h e  o p t i m i z a t i o n   s o l u t i o n  t o  f a i l .  
O p t i m i z a t i o n   o f   t h e   w i n g   d e s i g n   c o n s i d e r i n g   i n f l u e n c e   o f   t h e  
f u s e l a g e  upwash f i e l d  i s  p e r f o r m e d   i t e r a t i v e l y ,   u s i n g   b o t h  t h e  
wing  design  a d l i f t   a n a l y s i s  modules. A f u s e l a g e   s h a p e  and 
i r i c i d e n c e  is f i r s t  assumed, t h e  upwash f i e l d   a n d   c o r r e s p o n d i n g  
l c a d i n g  i s  c a l c u l a t e d  by t h e   a n a l y s i s   p r o g r a m ,   a n d   t h e   d e s i g n  
s o l u t i o n  is performed. aecause t h e   r e s u l t i n g  wing shape  probably 
d i f f e r s   f r o m   t h e   s h a F e   u s e d  ir; t h e  i n i t i a l  upwash s o l u t i o n ,   t h e  
upwash  loading i s  i n c o r r e c t ,  It. may be d e s i r a b l e  t o  t h e n   r e r u n  
t h e  wing d l s i g n   s o l u t i o n   a n d / o r  a l t e r  t h e  f u s e l a g e   a n g l e  of 
a t t a c k .  A r ep resen ta t ive   p rog ram  execu t ive   ca rd   s equence   wou ld  
be: 
"_ Event "_ E x e c u t i v e  Card 
D e f i n e   f u s e l a g e  G 90M 
Calcu la t e  upwash ANLE (WHUT= 1.0)  
l o a d i n g  
Wipg d e s i g r ,   s o l u t i o n  WDEE 
Kecalcula te   upwash  ANLE ( W H U P = l  . O ,  
l o a d i n g  with pew T X r ' X = 3 . G )  
carcber s u r f a c e  
When t h e  wir.g camber   su r f ace  i s  f i n a l i z e d ,  it may be t r a n s f e r r e d  
i n t o  t h e  has ic  gecrnetry by t h e  e x e c u t i v e   c o n t r o l  card WGUP, (With 
i n t e r a c t i v e   g r a F h i c s   a t t a c h e d ,  t h e  desicjn  wing  shape  xay also be 
viewed and e d i t e d  b e t w e e n  d e s i g n  a n d  a n a l y s i s  s o l u t i o n s ) .  
Sxall--Elapfq+m - "" r e q i o n  oDtioy.. - S i n c e  thers ray be s m a l l  r l g ions  
of t h e  wing  (such a s  a t r a i l i n g  edge flay:).. t h a t  c o u l d  he 
r e l a t i v e l y  h i g h l y  l oaded  tc good  a vantage,  a program  opt ion  
allcws t h e  d e f i n i t i o n  of sucn  a r e g i o n  m d  a c o r r e s p o n d i n g  l o a d i n g  
(nc .  11 ir, T a b l e  I). 
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An example of the u s e  of t h e  F l a n f o r m  r e g i o n  o F t i o n . i s  shown i n  
f i g u r e  3.7-5. I n c l u s i o n  of the r e g i o n   a n d   l o a d i n g  11 r e s u l t s  i n  
a srall improvement i n  d r a g - d u e - t o - l i f t ,   e s p e c i a l l y   a s  C,, i s  
i n c r e a s e d .  
A c o n d i t i o n   i m p o s e d   u p o n   t h e   p l a n f o r m   r e g i o n   o p t i o n  i s  t h a t   t h e  
r e g i c n  c a n n o t  be r e - e n t r a n t  i n  t h e  s p a n w i s e  d i r e c t i o n ,  r e l a t i v e  t o  
t h e  forward end. The r e g i o n  is i n p u t  s t a r t i n g  a t  the most i n b o a r d  
s p a n   s t a t i o n   ( w h i c h  w i l l  b e  a t  t h e  wing t r a i l i n g   e d g e ) ,   a n d  
s u c c e s s i v e  s p a . n  s t a t i o n s  m u s t  i n c r e a s e  m o n o t o n i c a l l y .  
Loading 11 a n d   t h e  smal l  p l a n f o r n :   r e g i c n   a r e   o n l y   u s e d   i n
c o m b i n a t i o n   w i t h   e a c h   o t h e r  . 
” I n p t l  ””””“””” c o n s i d e r a t i o n s .  - The   w ing   des ign   p rog ram  p r inc ipa l ly  
r e q u i r e s   t h e   s p e c i f i c a t i o n  of a set o f   l o a d i n g s ,  a d e s i g n   p o i n t ,  
and  t h e  d e f i n i t i o n  of f o u r   b a s i c   c o n t r o l   p a r a m e t e r s .  The c o n t r o l  
p a r a m e t e r s  ( o n  c a r d  7 of  t h e  d e s i g n  p r o g r a m  i n p t )  g o v e r n  t h e  t y p e  
a n d  e x t e n t  o f  t h e  s o l u t i o r . .  
The d e s i g n  p o i n t  solution may b e  o b t a i n e d  w i t h  c o n s t r a i n t s  on: 
0 CL o n l y  
a CL and Cmo 
W CL and  upper  su r f ace  p r e s s u r e  
0 CL,  Cm0,and u p p e r   s u r f a c e   p r e s s u r e  
If o r d i n a t e  c o n s t r a i n t s  a r e  s p e c i f i e d ,  t h e y  are inc luded  wi t .h  each  
o f  these f o u r  t y F e s  of s o l u t i o n s .  
The f o u r   t y p e s  of s o l u t i o n s  are n o t   c o m F l e t e l y   i n d e p e n d e n t .  If 
t h e  C L  a n d   c o n s t r a i n e d   F r e s s u r e   s o l u t i o ; l  i s  r e q u e s t e d ,   t h e n  t h e  
program  ust f i r s t   g e n e r a t e   t h e  CL o n l y   s o l u t i o n .   S i m i l a r l y ,   i f  
the  CL, CmOs a n d   c o n s t r a i n e d   F r e s s u r e   s o l u t i o n  is  r e q u e s t e d ,   t h e n  
t h e  Frogram  must f i r s t  g s n e r a t e  t h e  CL and Cmo s o l u t i o n .   T h u s ,   i f  
t h e  u p p e r   s u r f a c e   p r e s s u r e   c c r s t r a i n t   c o n d i t l o n  i s  r e q u e s t e d ,  t h e  
prcgram performs t h e  c o r r e s p o n d i n g  n o  p r e s s u r e  c o n s t r a i n t  s o l u t i o n  
whe t t e r  it was r e q u e s t e d  or not .  
I t  is n o t  n e c e s s a r y  t o  c a l c u l a t e   h e  camber   su r f ace   shape  
c o r r e s p o n d i n g  t o  a s p e c i f i c   d e s i g n   p o i n t   ( l i f t   c o e f f i c i e n t ,  
p i t c h i r ; g  moment c o e f f i c i s n t ,   c o n s t r a i n t   c o n d i t i o n )   i n   o r d e r  t o  
o b t a i n  +he d r a g - d u e - t o - l i f t   v e r s u s  Cmo p l o t .  Also, i f  t h e   d e s i g n  
c a m b e r  s u r f a c e  is  r e q u e s t e d ,  it may be  o n l y  F r i n t e d  o u t ,  or’ may be  
a l s o  Funched i n t c   c a r d s   ( f o r  l a t e r  i r , p u t   i n t o   t h e   l i f t   a n a l y s i s .  
F rcq rav )  . 
z g e s s u r e  - c o n s t r a i n t  a E p l i c a t i h q .  - The c o n s t r a i n t s  a p p l i e d  o n  t h e  
p r e s s u r e  d i s t r i b u t i o n  of t h e  wing u p p e r  s u r f a c e  are of t w o  t y p e s .  
Both p r e s s u r e  l e v e l  a n d  t h e  l o n g i t u d i n a l  g r a d i e n t  of p r e s s u r e   c a n  
h e  c c n s t r a i r e d ,  This has  beec dona   because   l i nea r   ae rodyanmic  
t h e o r y  can p r o d u c e   p r e s s u r e   d i s t r i b u t i o n s   ( i n  terms of p r e s s u r e  
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c o e f f i c i e n t )   r e q u i r i n g   p r e s s u r e  lower t h a n  vacuum on t h e   w i n g  
u p p e r   s u r f a c e ;   t h e   f i r s t   t y p e   o f   c o n s t r a i n t   c a n   b e  u s e d .  t o  
restrict . p r e s s u r e  l e v e l s  t o  more r e a l i s t i c '  v a l u e s ,   H i g h ,   p o s i t i v e  
v a l u e s  of F r e s s u r e   g r a d i e n t   t e n d  t o  produce   bouxdary   l ayer  
s e p a r a t i o n ,  ar.d t h e   s e c o n d   t y p e   o f   c o n s t r a i n t   o f f e r s  a means  of 
c o n t r o l .   C o n s t r a i n t s  on p r e s s u r e   g r a d i e n t  a r e  a l s o  quite v a l u a b l e  
i n  c c n t r o l l i n g  wide v a r i a t i o n s  of p r e s s u r e  leve l .  
P r e s s u r e  c o n s t r a i n t s  of b o t h  t y p e s  are s p e c i f i e d  by t h e  u s e r  w i t h  
t a h l e s   o f   a c c e p t a b l e   v a l u e s .   T h e   t a b u l a r  format has   been   chosen  
so  t h a t   t h e   v a l u e s   c a n   b e   v a r i e d   d e p e r , d i n g   o n   p l a n f o r m   l o c a t i o n ,  
A f t e r  a d e s i q n   s o l u t i o n   h a s   b e e n   o b t a i n e d   i n  terms o f   t h e  
c o m p c n e n t   l o a d i n g   f a c t o r s  Ai' t h e   p r e s s u r e  l eve l  a n d   g r a d i e n t  on 
t h e  wing u p p r   s u r f a c e  a r e  c o m p r e d   w i t h   t h e   a c c e p t a b l e   v a l u e s .  
I f   e i t h e r  or k o t h   t y p e s  of c o n d i t i o n s  are  v i o l a t e d , .   t h e   p r o g r a m  
r e t a i n s  t h e  F l a f i f o r m  l o c a t i o n s  of t h e  v i o l a t i o n s  i n  o r d e r  t o  a p p l y  
c o n s t r a i c t s ,  
When F r e s s u r e  level v i o l a t i o n s  a re  d e t e c t e d ,   t h e   p r o g r a r   c o m p u t P s  
t h e  l e v e l  of l i f t i n g  p r e s s u r e  c o e f f i c i e n t  a t  t h e  cri t . ica1 planform 
l o c a t i o n  w h i c h  i n  c o m b i n a t i o n  w i t h  t h i c k n e s s  p r e s s u r e  w i l l  produce 
a w i n g   u p p e r   s u r f a c e   F r e s s u r e   q u a l  t o  t h e  a c c e p t a b l e   v a l u e .  A 
c o x - , s t r a i n e d   l i f t i n g   p r e s s u r e   c o e f f i c i e n t  s e t  a t  95% cf t h e  
a l l o w a h l o   v a l u e  i s  then i n p o s e d   o n   s u b s e q u e n t   s o l u t i o n s  for t h e  
opt inurr   combir ,a t ion of l o a d i n q s .  
When F r e s s u r e   ' g r a d i e n t   v i o l a t i o n s  a r e  d e t e c t e d ,   a n   a c c e p t a b l e  
v z l u e  of p r e s s u r e  g r a d i e n t  d u e  t o  l i f t i n g  p r e s s u r e  c o e f f i c i e n t s  i s  
c a l c u l a t e d  a t  t h e   c r i t i c a l   p l a n f o r m   l o c a t i o n .   A c c o u n t  i s  t a k e n  of 
t h e  g r a d i e n t  d u e  t o  w i n g  t h i c k n e s s  p r e s s u r e s  a n d  a n y  c o n f i g u r a t i o n  
d o p e n d e n t   l o a d i n g s .  A c o n s t r a i n e d   g r a d i e n t  set  a t  75% of t h e  
a l l o w a b l e  v a l u e  i s  then  imposed  o n  s u b s e q u e n t  o p t i m i z a t i o n s .  
T h e  t w o  f a c t o r s  ( 9 5 %  and  75%) have   been   appl ied .  t o  d i m i n i s h  a 
t ecdency  of t h e  s o l u t i o n  t o  v a r y  s l i g h t l y  a b o v e  t h e  l i m i t i n g  v a l u e  
i n   t h e  i m m e d i a t e   v i c i n i t y  of t h e   c o n s t r a i n t .   T h i s   t y p e   o f
behav io r  i s  most n o t i c a b l e  f o r  cases i n v o l v i n g   t h e   c o n f i g u r a t i o n -  
dependen t  l oad inqs ,  wh ich  are s p e c i f i e d  by t a b l e s  a s  a f u n c t i o n  o f  
F l a R f o r m   l o c a t i o n   a d  a r e  n o t   n e c e s s a r i l y   s m o o t h l y   v a r y i n g  
f u n c t i o n s .  
T h e  a p p l i c a t i o n  of c o n s t r a i n t s  i s  c y c l i c .   I f   t h e   s o l u t i o n   w i t h o u t  
p r e s s u r e   c o n s t r a i n t s   d o e s  pot s a t i s f y   t h e   p r e s s u r e  c r i t e r i a ,  a 
p r e s s u r e   c 0 n s t r a i r . t  i s  imposed and a s e c o n d   s o l u t i o n  i s  o b t a i n e d  
a n d   t e s t e d .  If t h e   s e c o n d   s o l u t i o n   d o e s   n o t   s a t i s f y   t h e  c r i t e r i a ,  
a s e c o n d   p r e s s u r e   c o n s t r a i n t  i s  imposed,  and a t h i r d   s o l u t i o n  
g e n e r a t e d  a n d  t e s t e d ,  a n d  so  f o r t h .  
C o n s t r a i n t s   i m p o s e d   e a r l y   i nt h i s   c y c l i c   f a s h i o n   c a n  become 
unnecessa ry  a s  la ter  c o n s t r a i n t s  a r e  imposed. T h e   s o l u t i o n  
p r o c e s s  i n c l u d P s  l o g i c  t o  s e a r c h  for u n n e c e s s a r y  c o n s t r a i n t s  a f t e r  
t h e   s e c o n d  a n d  S u b s e q u e n t   c y c l e s   ( t h e   f i r s t   c o n s t r a i n t  would n o t  
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b e  a F p l i e d  i f  it were n o t  n e c e s s a r y ) .  A t  e a c h  s o l u t i o n  cycle, any  
u n n e c e s s a r y   c o n s t r a i n t s  are  removed,   and   the  next c y c l e   h a s   f e w e r  
p r e s s u r e  constraints. T h e   c o n s t r a i n t   i d e n t i f i e d  on  t h e   c u r r e n t  
c y c l e  a s  most c r i t i ca l  i s  a l so  d e l e t e d  from t h e   n e x t   s o l u t i o n  
c y c l e ;  w i t h  fewer p r e s s u r e  c o n s t r a i n t s ,  it might  no longer be t h e  
most c r i t i ca l  F r e s s u r e  l o c a t i o n .  
I n  sunmary, t h e  r e s u l t s  of e a c h  s o l u t i o n  c y c l e  a re  tested i n  t h r e e  
ways. First, t h e   L a g r a n g e   m u l t i p l i e r s  of t h e   s o l u t i o n  
c o r r e s p o n d i n g  t o  t h e   p r e s s u r e   c o n s t r a i n t s  are  t e s t e d .  I f  any 
c o n s t r a i n t s  are u n n e c e s s a r y ,   t h e y  a r e  removed,   and  another  
s o l u t i o n   c y c l e  is begun, I f   a l l  of t h e   p r e s s u r e   c o n s t r a i n t s   a r e  
n e c e s s a r y ,   t h e n   t h e  most c r i t i c a l  p r e s s u r e   g r a d i e n t  i s  t e s t e d .  I f  
it e x c e e d s   t h e   a l l o w a b l e   v a l u e ,   a n o t h e r   g r a d i e n t   c o n s t r a i n t  i s  
i q o s e d ,   a n d   a n o t h e r   s o l u t i o n   c y c l e  is begun. I f   . t h e   s o l u t i o n  
p r e s s u r e  g r a d i e n t  i s  s a t i s f a c t o r y ,  t h e n  the most c r i t i c a l  p r e s s u r e  
l e v e l  i s  t e s t e d .  If it e x c e e d s   t h e  allowable v a l u e ,   a n o t h e r   l e v e l  
c o n s t r a i n t  i s  i m p o s e d ,   a n d   a n o t h e r   s o l u t i o n   c y c l e  i s  begun. I f  
t h e  most c r i t i c a l  p r e s s u r e   l e v e l  is a c c e p t a b l e ,   t h e   s o l u t i o n  as a 
whole i s  a c c e p t a b l e .   S o l u t i o n   c y c l i n g   c o n t i n u e s   u n t i l   e i t h e r   a n  
a c c e F t a b l e   s o l u t i o n  i s  o b t a i n e d   ( c y c l i n g  stops), o r  u n t i l  a limit 
o n  t h e  number  of c o n s t r a i n t s  is  reached .  
T h e r e   a r e  t w o  t y p e s  of limits on t h e  maximurr number  of   pressure 
c o n s t r a i n t s   t h a t   c a n   b e   i m p o s e d .  One limit is  imposed  by t h e  
number  of   l adings  used,   The t o t a l  number o f   c o n s t r a i n t s ,  
i n c l u d i n g   t h c s e  o n  l i f t ,   p i t c h i n g  moment, c o n f i g u r a t i o n - d e p e n d e n t  
l o a d i n g s ,   o r d i n a t e s ,   a n d   F r e s s u r e ,   c a n  a t  most be e q u a l  t o  t h e  
number of l o a d i n g s .   T h i s   i t u a t i o n  i s  u n d e s i r a b l e   f o r  i t  l e a v e s  
no degrees  of f r e e d o m   f o r   d r a g   m i n i m i z a t i o n ;   c o n s e q u e n t l y ,  a 
progran; limit has   been  s e t  so  t h a t  t w o  d e g r e e s  of freedom  rerraifi 
f r e e   f o r   d r a g   m i n i m i z a t i o n   ( f o r  small numbers   o f   l oad ings ,   t h i s  i s  
r educed  t o  one). 
The  second l i n i t  imposed  on  the  number of F r e s s u r e   c o n s t r a i n t s  i s  
d i c t a t e d   b y   t h e  number of l o a d i n y s   t h a t  a r e  f r e e  t o  i n f l u e n c e  
l o n g i t u d i n a l   F r e s s u r e   g r a d i e n t .  k maximum o f   t e n   l c a d i n g s   d o e s  so  - l o a d i n g s  2 ,  5-9, ar,d 11-14. It h a s  been   t hough t  desirable t o  
l e a v e   o n e   d e g r e e  of f r e e d o m   f o r   d r a g   m i n i m i z a t i o n   f o r   g r a d i e n t  
c o n s t r a i n t s .   T h e  number of p e r m i s s i b l e   g r a d i e n t   c o n s t r a i n t s  i s  
reduced  by  one more wherever  a C o n s t r a i n t  is imposed  on C m o  s i n c e  
C m 9  c o n s t r a i n t s  are s a t i s f i l d   p r i m a r i l y  by t h e  same x -depmden t  
l o a d i n g s  u s e d  t o  s a t i s f y  g r a d i E n t  c r i te r ia .  
I f  t h e  p rogram  r eaches  a liwit on t.he number of p r e s s u r e  
c o n s t r a i n t s ,  i t  checks  t o  see i f  g r a d i e n t   c o n s t r a i n t s   h a v e   b e e n  
inposed .   I f  one  or more g r a d i e n t   c o n s t r a i n t s   h a v e   b e e n  imposed, 
t h e  F r o g r a x  a r b i t r a r i l y  i n c r e a s e s  t h e  g r a d i e r , t  c r i t e r i o n  table by 
20  p r c e n t ,  and  b e g i n s  anew w i t h   n o   p r e s s u r e   c o n s t r a i n t s .   T h i s  
p r o c e s s  i s  a l s o  c y c l i c   a n d   c a n  be r e p e a t e d   u p  t o  50 times b e f o r e  
h a l t i n g  w i t h  t h e  s o l u t i o n  p r o d u c e d  by t h e  l a s t  c y c l e .  
If nc  F r e s s u r e   g r a d i e n t   c o n s t r a i n t s   h a v e   b e e n   u s e d ,  the  program 
stops c y c l i n g   u p o n   r e a c h i n g   e i t h e r  one of t h e  t w o  c o n s t r a i n t  
limits, a n d  r e t a i n s  t h e  l a s t  s o l u t i o n .  
“”””“”””_ O r d i n a t e   c o n s t r a i n t s . -   L i n e a r   t h e o r y   p r o d u c e s   w r i n k l e s ,  or k i n k s ,  
i n  the   computed  camber s u r f a c e   a f t  o f   wing   lead ing   edge   breaks .  
T h i s  is e s p e c i a l l y  n o t i c e a b l e  n e a r  t h e  w i n g  a p e x ,  or a t  t h e  side- 
o f - f u s e l a g e  s t a t ion  i f  there i s  a f u s e l a g e .  As a r e s u l % ,  QI 
c c n s t r a i n t  F r o v i s i o n s  are p r o v i d e d  i n  t h e  w i n g  d e s i g n  i n p u t .  
As many a s  five o r d i n a t e   c o n s t r a i n t s   c a n  be a p p l i e d  a t  a r b i t r a r y  
l o c a t i o n s  on t h e   w i n g   p l a n f o r m ,   p r o v i d e d   ‘ t h a t   e a c h   o ft e  
c o n s t r a i n t s  be on a c a m b e r - c a l c u l a t i o n   l i n e ,  The  program tests 
the s p a n   s t a t i o n s   o f   t h e   o r d i n a t e   c o n s t r a i n t s   a n d   s h i f t s   t h e m  to 
t h e   n p a r e s t   c a l c u l a t e d  camber l i n e   i f   t h e y  do n o t  l i e  on one, 
(This has   been   done  t o  a v o i d   i f f i c u l t i e s   w i t h   t w o - d i m e n s i o n a l  
i n t e q o l a t i o n  n e a r  t h e  s i d e - o f - f u s e l a g e ) .  
T h e  F r o g r a n   n e x t   c h e c k s   c o n s t r a i n t   p l a n f o r m   l o c a t i o n s   c h o r d w i s e .  
If a n y   c c n s t r a i n t s  a r e  downstream of t h e   t r a i l i n g   e d g e ,   t h e y   a r e  
moved t o  the t r a i l i n g  e d g e ,  I f  a n y   a r e   a h e a d   o f  t h e  l e a d i n g   e d g e ,  
t h e  case is StOpFed. 
When crdinate  c c n s t r a i n t s  a r e  u s e d ,   s e v e r a l  cases shou ld   p robab ly  
be run. For t h e  f i r s t  case, b o t h  t h e  maximum number  of  component 
l o a d i n g s   b e i n g   c o n s i d e r e d   a n d  t h e  maximum number of o r d i n a t e  
c o n s t r a i n t s   b e i n g   c o n s i d e r e d   s h o u l d   h e   u s e d ,   a n d  a RESTART deck 
s h o u l d  be gene ra t ed ,   G iven  RESTART c a p a b i l i t y   ( d e s c r i b e d  o n  page 
Any number o f   o r d i n a t e   c o n s t r a i n t s   c a n  he deleted,  s t a r t i n g   w i t . h  
t h e  l a s t  o n e ,   ( T h e   o r d i r a t e   c o n s t r a i n t  order canno t  be changed, 
h o w e v e r ) .   C a s e s   w i t h o u t   o r d i n a t e   c o n s t r a i n t s   c a n  a l so  be run   f rom 
a ’  EESTART deck w h i c h  i n c l u d e s  t h e  componen t  l oad ing  o rd ina tc  da t a .  
Giver. this l o g i c ,  some t h o u g h t   s h o u l d  he  devo ted  t o  t h e  o r d e r  i n  
w h i c h  o r d i n a t e   c o n s t r a i n t s   a r e   a p p l i e d .   D i f f i c u l t i e s   p o s s i b l y  
r e q u i r i n g   o r d i n a t e   c o n s t r a i n t s   s o m e t i m e s  a r i s e  a t  t h e   c e n t e r l i n e  
o f  a wing   a lone ,  - a t  t h e   s i d e - o f - b o d y   w i n g   s t a t i o n ,   a n d  a t  wing 
s t a t i o n s   h a v i n g   s u b s t a n t i a l   c h a n g e  of s w e e p  angle .  One would be 
t empted ,   fo r   example ,  t o  i m F o s e   o r d i n a t e   C o n s t r a i n t s  a t ,  say ,  65 
p e r c e n t ,  35 p e r c e n t ,  a n d  8 5  p e r c e n t  chord of  thE s ide-of -body wing  
s t a t i o n ,  leaving t w o  o r d i n a t e   c o n s t r a i n t s   f r e e  for u s e   f u r t h e r  
ou tbca rd .  I t  wou ld   t hen  be f e a s i b l e ,  u s i n g  RESTART, t o  run a c a s e  
w i t h  o n e   o r d i n a t e   c o n s t r a i n t  a t  65 p e r c e n t  chord o n  t h e  s i d e - o f -  
b o d y  s t a t i o n ,  a n o t h e r  case w i t h  t w o  o r d i n a t e  c c n s t r a i n t s  a t  6 5  and 
35 pe rcen t ,   and  so on, 
35 a reduced  pumber o f   o r d i n a t e   c o n s t r a i n t s  may be imposed. 
The c r d i n a t e  c o n s t r a i n t  c a p a b i l i t y  h a s  one cther i m p o r t a n t  f e a t u r e  
w i t h  resFect t o  RESTART c a p a b i l i t y .   A l t h o u g h   p l a n f o r m   l o c a t i o n  of 
o r d i n a t e   c o n s t r a i n t s  carmot be  changed i n  a RESTAFT deck, t h e  
c o n s t r a i n e d   v a l u e s  of o r d i n a t e   c a n  be changed  f rom case t o  c a s e .  
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I n   g e n e r a l ,   o r d i n a t e   c o n s t r a i n t s   s h o u l d  be  u s e d   s p a r i n g l y ,   s i n c e  
they   compromise   t he   rumber  of c o m g o n e n t   l o a d i n g s   a v a i l a b l e   f o r  
d r a g  n i n i m i z a t i o n ,  
””””“””””“” S c l u t i c n   c v e r - c c n s , t r a i n t . .  - There  are s i x   t y F e s  of c o n s t r a i n t s  
t h a t  c a n  be i m p o s e d   o n   t h e   w i n g   d e s i g n   o p t i m i z a t i o n .   C o n s t r a i n t s  
c a n  ke i nposed  on: 
(1)  L i f t .   c o e f f i c i e n t  
( 2 )  P i t c h i n g  moment c o e f f i c i e n t  a t  z e r o   l i f t  
(3) Body buoyancy, body upwash,  and  nacelle  buoyancy 
l o a d i n g s  
( 4 )  P r e s s u r e   g r a d i e r i t  on t h e   w i n g   u p p e r   s u r f a c e  
(5) P r e s s u r e   l e v e l  on the   w ing   uppe r   suc face  
(6)  Camber ( E )  o r d i n a t e s  
I t  i s  c e r t a i n l y  Fossible  t o  s p e c i f y   a n   o v e r - c c n s t r a i n e d   s o l u t i o n  
component loadings, for example,   Consequent ly ,  a t e s t  h a s  been 
p l a c e d  ’ i n  t h e  f i r s t  p a r t  of t h e   o p t i m i z a t i o n   p r o g r a m  OPTIMTM t o  
detect  and correct t h i s  s i t u a t i o n .   T h e  t e s t  f i r s t  sums t h e  number 
of c c n s t r a i n t s   t y p e s  ( 1 ) ,  ( 2 ) ,  (3) , and { 6 )  above. If t h e  sum i s  
e i t h f r  g r e a t e r   t h a n  o r  e q u a l  t o  t h e  pumber of component   loadings,  
the number of o r d i n a t e   c o n s t r a i n t s  i s  r educed  so t h a t  t h e  sum i s  
one less t h a n  t h e  number of l o a d i n g s .  I f  +he a l t e r ed  number of 
. o r d i r a t e  c o n s t r a i n t s  i s  n e g a t i v e ,   t h e   p r o g r a m   h a l t s ;   o t h e r w i s e  it 
p roceeds  no rna l ly .  
” 5 c a m b e r   o r d i n a t e   c o n s t r a i n t s  for a c a s e   c o m b i n i n g   t h r e e  
&gai ihg- -ne~~ct&a~z - The l o a d i n g   d e f i n i t i o n s   u s e d   i n   t h e   p r o g r a m  
a re  t a b u l a t e d  on Faye 24, c o n s i s t i n g  of both  a n a l y t i c a l l y  d e f i n e d  
a n d   c o n f i g u r a t i o n  - d e p e n d e n t   t y p e   l o a d i n g s .  These may be i n p u t  
i n  a n y   o r d e r ,   s u b j e c t  t o  t h e  c o n d i t i o n  t h a t  t h e  c a m b e r - q e n e r a t i n g  
v e r s i o n  (12- 1 4 )  of t h e  c o n f i g u r a t i o n  d e p e n d e n t  l o a d i n g s  may n o t  b e  
used w i t h o u t .   a l s o  u s i n g  t h e   c o r r e s p o n d i n g   c o n f i g u r a t i o n   d e p e n d e n t  
l o a d i n g  (15-17) .  
E x p e r i e n c e   w i t h  t h e  wing des ign   p rog ram  has shown t h a t  
c o n b i n a t i o n s  of t h e  h i g h e r  order X term l o a d i n g s  (i.e:, t h e  X term 
l o a d i n g s  o t h e r  t h a n  l o a d i n g  2 )  t e n d  t o  p r o d u c e   e x c e s s l v e  twist or 
w a v i n e s s   i n   t h e   c a l c u l a t e d  camber s u r f a c e   u n l e s s   c o n s t r a i n t s  are 
imFosed on wing uFper  surface pressure level  a n d  g r a d i e n t .  
I% i s  a lways  good p r a c t i c e  t o  r u n  t h e  w i n g  a l o n e  with t h r e e  b a s i c  
loadings   (ur , i form + l i n e a r   s p a n w i s e  f l i n e a r   c h o r d w i s e )  i n  
a d d i t i o n  t o  any more s o p h i s t i c a t e d   w i n g   d e s i g n  case. Although t h e  
t h r e e  term c a s e   h a s  l i t t l e  c a p a b i l i t y   f o r   h a n d l i n g   m u l t i p l e  
c o n s t r a i n t s ,  it s e r v e s  as a check on t h e  a v e r a g e  p r e s s u r e  g r a d i e n t  
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t h e  wing  can be d e s i g n e d  t o ,  i n  a d d i t i o n  t o  p r o v i d i n g  a q u i c k  
a F F r c x i r m t i c n  t o  t h e  optimum  wing  shape. 
~?gst?gg-ce&ig~. - k "restar t"  o p t i o n   h a s  besn  p r o v i d e d   i n  t h e  
program to  minimize  computer time on r u n s   i n v o l v i n g   t h e  same 
planform  and  Nach number. (i .e.,  d i f f e r e n t   d e s i g n   p o i n t s   i n  terms 
of CL t Cmo o r d i n a t e ,  o r  p r e s s u r e   c o n s t r a i n t s )  . The res ta r t  
o p t i o n  works as  follows: For a g iven   wing   p lanform,  Mach number, 
and  s e t  of l o a d i n g s ,  most of t h e   c o m p u t e r  time i s  used i n  
c a l c u l a t i n g  t h e  force c o e f f i c i e n t s   a n d   i n t e r f e r e n c e   c o e f f i c i e n t s  
a s s o c i a t e d   w i t h   a l l   t h e  comFoneRt l o a d i n g s .   T h e   c a l c u l a t i o n s  
i n v o l v i n g  t h e  solution of an opt imum combina t icn  of  loadings ,  wi th  
o r  w i t h o u t   c o n s t r a i n t s ,   a r e   r e l a t i v e l y   q u i c k ,  However, it may be 
d e s i r a b l e   t o  look a t  a nunber  of ' d i f f e r e n t   o p t i m i z a t i o n  or 
c o n s t r a i r , t   s o l u t i o n s .   T h e r e f o r e ,  on s u c c e s s i v e  C ~ S P S  i n v o l v i n g  
t h e  same b a s i c   l o a d i n g s ,  it i s  p o s s i b l e  t o  byFas3  the  component  
l c a d i n g s   s o l u t i o n  dnd g o   d i r e c t l y  t o  t h e   o p t i m i z a t i o n   r o u t i n e s .  
This i s  done by s e t t i n g  RESTART= - 1. i n   t h e   p r o g r a m   i n p u t  f o r  
cases 2 and or.. 
I f  t h e  Frcgram cases. a r e  t o  b? i n p u t   a t  a l a t e r  time, t h e  
corrpcr .ent   loadings d a t a  may be punched ir.+o c a r d s   ( u i n g  
RESTART= 1.) a n d   r e a d   b a c k   i n  t o  t h e   c o m p t e r   t h r o u g h   u s e  of 
ZESTART= 2. T h e  RESTART=2. d a t a   d e c k   i n c l u d e s ,  as wel l ,  t h e  
d e f i n i t i o n  of a n y   c o r i f   g u r a t i o n - d e p e n d e n t   l o a d i n g s   t h a t  were 
p r e s E n t  i n  t h e  wicg des ign   program a t  t h e  time t h e   d a t a   d e c k  was 
puncked. 
P.ZSTART=3.0 i s  a s p e c i a l   p r o v i s i o n   i n   w h i c h   t h e   r e s t a r t   d a t a  a re  
w r i t t e n  onto a tape,  which may l a t s r  be r e r e a d  i n  t h e  wing   des ign  
program. T h i s  f e a t u r e  is  u s e f u l   i n   c a s e s  where  the l i f t  a n a l y s i s  
prcgran! may be run   be tween  success ive   wing   des igns .  ( R E S T A R P 3 . 0  
a c t u a l l y  f u n c t i o n s  much t h e  same a s  RESTART= - I . ,  h u t  PESTART= - 1. 
i s  i n t e n d s d  fo r  u s e   o n  s u c c e s s i v e   w i n g   d e s i g n  cases w i t h o u t  
e x i t i n g  t h e  w i n g  d e s i g n  p r o g r a m ) .  
The r e s t a r t  o p t i o n  a l s o  w i l l  work i n   t h e  case of a d e c r e a s e d  
nurrber  of  loadings. E.g., i f  a maximum (17) l o a d i n g  case were 
r u n ,  t h e n  thF f o r c e  a n d  i n t e r f e r e n c e  l o a d i n g  terms fcr a l l  lesser 
c o r b i n a t i o n s  .of l o a d i n g s  are  a v a i l a b l e .   S u c c e s s i v e   c a s e s   c a n   t h e n  
b e  run w i t h  d i f f e r s n t  loading c o m b i n a t i o n s  t o  check  the d e s i g n  
s e n s i t i v i t y  t o  c e r t a i n   l o a d i n g s ,   w i t h o u t   r e p e a t i n g   t h e   b a s i c  
l o a d i n g s   c a l c u l a t i o n s .  Any combina t ion  of l o a d i n g s   i n v o l v i n g   t h e  
se t  used when t h e  RESTZ4S.T d a t a  were g e n e r a t e d  may be employed. 
The number a n d  the o r d e r  of t h e  l o a d i n g s  may be a l t e r e d  a s  
d e s i r e d .  
I f  the EESTART d a t a   d e c k  i s  used ,  i t  is  n o t   n e c e s s a r y  t o  
r e c a l c u l a t e   a n y   c o n f i g u r a t i o n - d e p e n d e n t   d a t a   ( s i n c e  these are 
p r e s e r v e d   a l o n g  w i t h  the bas i c   w ing  loading d a t a ) .  With respect 
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to the wing d e s i g n   5 O l U t i O n   t h a t  w a s  p o s s i b l e  a t  the time the 
RESTART data were g e n e r a t e d ,  t h e  FiESTART deck  may be u s e d  for any 
wing design having: 
1) The same or f e w e r   l o a d i n g s  (order nay   vary)  
2 )  The same or  fewer ordinate c o n s t r a i n t s   ( o r d e r   c a n n o t  
va ry )  . The v a l u e  of Z a t  t h e s e   l o c a t i o n s   c a n  be 
changed,  however, 
3) Same f u s e l a g e   g e o m e t r y ,  anqle of a t t a c k ,   a n d  side of 
f u s e l a g e  s t a t i o n .  
4 )  Any CL, Cmo, or p r e s s u r e   c o n s t r a i n t   c o n d i t i o n .  
glar . f_cg~ c o n s i d e r a t i o n s _ _ a _ n d   s p a n w i s e   i n t e g r a t i o g .  - The wing 
des ign   program is a d i r e c t   y p e   s o l u t i o n ,  i.e., a wing  shaFe i s  
c a l c u l a t 2 d   f r o m  a known p r e s s u r e   d i s t r i b u t i o n .  I t  i s  n o t  
n e c e s s a r y  to c a l c u l a t e  t h e  wing s h a p e  a t  a l l  s F a n w i s e  s t a t i o n s  i n  
t h e   g r i d   s y s t e n !   u s e d  t o  r e p r e s e n t   t h e   w i n g ;   o n l y  a r e p r e s e n t a t i v e  
set c f   s p a n w i s e   s t a t i o n s  is, used.  The l i f t ,   d r a g   a n d   p i t c h i n g  
moment  c o e f f i c i e n t s  a r e  t h e n  computed  from a s p a n w i s e   i n t e g r a t i o n  
of t h e  c h a r a c t e r i s t i c s  o b t a i n e d  a t  t h e  s e l e c t e d  s p a n w i s e  s t a t i o n s .  
I n  t h e  p r o g r a r   i n p u t ,   t h e  camber s u r f a c e   a l c u l a t i o n s   a r e  
p e r f o r m d  a t  a s t a n d a r d  s e t  of 2 3  s e m i - s p a n   s t a t i o n s   u n l e s s  
otherwise s p e c i f i e d .  If t h e  p lanform i s  irregular, p a r t i c u l a r l y  
a l c n g  t h e  l e a d i n g   e d g e ,   a d d i t i o n a l   s p a n w i s e   t a t i o n s   i n+ h e  
v i c i a i t y   o f  these i r r e g u l a r i t i e s   s h o u l d  be i n p u t  t o  improve   t he  
s o l u t i c n   a c c u r a c y .  (This i s  done   t h rough   i npu t s  TJBYMX and TJEYS,  
a s  d e s c r i b e d  ir! S e c t i o n  4 . )  
Pr, a d d i t i o n ,  it h a s   b e e n   f o u r , d   t h a t ,   f o r  a b a s i c  wing cas€, t h e  
w i r g  root s i n g u l a r i t y  aFd t h e   c o r r e s F o n d i n g   r o o t  camber l i n e  c a n  
oftisr! be moderated by s u b s t i t u t i n g  a p a r a b o l i c   a p e x   f o r  the s h a r p  
apex  coIsmon t o   s u p e r s o n i c   w i n g   p l a n f o r m s .   T h i s  will be performed 
a u t c r r a t i c a l l y  i n  t h e  program i f  the i n p u t  Y S N 0 0 T  i s  not   zero .  The 
program t h e n  fits a parabola   t anger? . t  t o  t h e  wing   l ead ing   sdge  a t  
YSNQPIT ,  w i t h  symIr;etry about  Y = O .  
Becauss t h e  computed   camber   sur face  s l o p e s  t e n d   t o   e x h i b i t  some 
i r r e g u l a r i t y  near the l ead ing   edge  (due t o  t h e  sawtooth n a t u r e  .of 
t h e   g r i d   s y s t e m ) ,  a s n ! o o t h i n g   o p t i o n  is p r o v i d e d   i n  tne program. 
T h i s  i s  a c t i v a t e d  by t h e  code SMQQTH i n  t h e  Frograrr i n p t .  T h e  
s r roc th ing  t echn ique  invo lves  ave rag ing  the computed  sur face  s lopes  
of each  grid e1emer:t with the slcpes of adjacent e l e m e n t s ,  which 
suFFrtlsses a n y  e r r a c i c  s l o p e s  of i nd iv idua l  e1emen t . s .  
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wing  planform,  camber  shape,  and Mach number, t h e   l i f t  
p r o g r a m  s o l v e s  f o r  t h e  l i f t i n g  p r e s s u r e  d i s t r i b u t i o n  a n d  
f o r c s  c o e f f i c i e n t s  f o r  a r a n g e  o f  a n g l e s  of a t t a c k .  A s  o p t i o n s ,  
t h e  Frogram w i l l  a lso i n c l u d e  t h e  e f f e c t s  of: 
F u s e l a g e   ( n o m i n a l l y   c i r c u l a r   i n  cross-section, a r b i t r a r y  
camber ar,d i n c i d e n c e )  - Nacelles 
e Canard   and /o r   ho r i zon ta l  t a i l  
Wing t r a i l i n g   e d g e   f l a p s   a n d / o r   i n c r e m e n t a l   w i n g  t w i s t  
""" F u s e l a g e  """"" s o l u t i c n s ,  - F u s e l a g e   e f f e c t s  a re  o b t a i n e d  by c a l c u l a t i n g  
the i s o l a t e d   f u s e l a g e  upwash f i e l d ,   t h e n   c a l c u l a t i n g  the wing 
s c l u t i o n   i n   t h e   p r e s e r x e   o f   t h e   f u s e l a g e  upwash f i e l d ,   t h e n  
c a l c u l a t i n g   t h e   f u s e l a g e   f o r c e s   i n   + h e   w i n g   f l o w   f i e l d ,   a n d  
c o m b i n i n g  t h e  s o l u t i o n s  by s u p e r p o s i t i o n ,  
The fuselage upwash f i e l d  i s  c a l c u l a t e d  f r o m  sler,der body t h e o r y .  
The input a r e a   d i s t r i b u t i o n   o f   t h e   f u s e l a g e  i s  c o n s i d e r e d  to be  
c i r c u l a r   i n   c r o s s - s e c t i o n .  If a d i g i t i z e d   f u s e l a g e   c r o s s - s e c t i o n  
i s  i n F u t   i n t o   t h e   b a s i c   g e o m e t r y ,   t h e   a r e a   a n d   c e n t r o i d   o f   e a c h  
s e c t i o n  i s  c o m p t e d   a n d   u s e d  t o  d e f i n e   t h e   a r e a   ' a n d   m e a c l i n e  
d i s t r i k u t i o n  f o r  t h e  a n a l y s i s  program. 
The l i f t   a n a l y s i s   p r o g r a m   c o n t a i n s  a w i n g - f u s e l a g e   i n t e r s e c t i o n  
o F t i c n .   T h i s   f e a t u r e   t r a c k s   e a c h   w i n g   p e r c e n t   c h o r d   l i n e   o u t  
t h r o u g h   t h e   s i d e  of t h e   f u s e l a q e   ( a g a i n   c o n s i d e r e d   c i r c u l a r   i n  
c ros s - sec t ion ) ,  a n d   b r z a k s   t h e   w i n g   s o l u t i o n   i t o   t h e   p r o p e r  
e x F o s e d   a n d   c a r r y - o v e r   t y p e   l i f t i n g   F r e s s u r e   c a l c u l a t i o n s .  
A l t e r n a t i v e l y ,   t h e   s i d e - o f - f u s e l a g e   s p a n   s t a t i o n  may b e   i n p u t  
e i t h f r  a s  a c o n s t a n t  o r  a s  a t a b l e  o f  v a l u e s  to o v e r r i d e  t h e  wing- 
f u s e l a g e  i n t e r s e c t i o n  o p t i o n .  
T h e   l o c a l   f u s e l a g e  upwash a n g l e  i s  s t r o r , g l y   a f f e c t e d  b y  span  
s t a t i o n  a n d   w i p g   h e i g h t   o n   t h e   s i d e  of t h e  f u s e l a g e .  The   s ide-of -  
f u s e l a g e   s p a n   s t a t i o n   m u s t  be c a r e f u l l y   i r i p u t  t o  avo id   expos ing  
any  wing a r e a  t o  t h e  upwash f i e l d   t h a t  i s  a c t . u . a l i y   i n s i d e   t h e  
f u s € l a g e .  
T h e  l i f t   a n a l y s i s   p r o g r a m   c o r . t a i n s  ap. o p t i o n  t o  c a l c u l a t e   t h r  
huoyaricy f i e l d  d u e  t o  un lqua l  fu se l age  a rea  g rowth  above  and  be low 
t h e  wing. This F r e s s u r e   d i s t r i h u t i o c ,  terrneu asymmetric fr;selage 
buoyancy, i s  c a l c u l a t e d  by s p l i t t i n g  t h e  f u s e l a g e  ar.ea i n t o  p i s c e s  
abcve and below t h e  w i n g  a n d  a d d i n g  t h e  r e s u l t a n t  area growth on to  
t h e   f u s e l a g e   f o r e b o d y  area d i s t r i b u t i o n .   ( T h e   f u s e l a g e  i s  a g a i n  
c c n s i d e r e d   c i r c u l a r ,   a n d  +_he s i d e - o f - f u s e l a g e  Z v a l u e  i s  used  t o  
d e f i n e  t h e  above-wir!g  and  belcw-wing area p i e c e s ) .  The asyrcmetric 
f u s e l a g e  t l r m  i s  z 1 r o ,  o f   c o u r s e ,   i n  t h e  case o f  a mid-winq 
arrangement .  
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The   a synwe t r i c   buoya r , cy   ca l cu la t ion  i s  r e q u e s t e d  by i n p u t  ' SYMN 
( v a l u e   g r e a t e r   t h a n   z e r o ) .   F o r  a f u s e l a g e   s i g n i f i c a n t l y   n o n -  
c i r c u l a r  i n  c r o s s - s e c t i o n ,  u s e  may be nade of t w o  s p e c i a l   o p t i o r _ s  
t o  d e f i n e  t h e  above-wing  and  below-wing area d i s t r i b u t i o n s  a n d  t h e  
c o r r e s p o n d i n g  w i n g - f u s e l a g e  i n t e r s e c t i o n :  
SYMFI = 2.0  r e q u i r e s   i n p u t  of t h e   a b c v e   w i n g   a n d  
below-wing areas .  
0 ANYEOD = -10 .  a l lows i n p u t   o f   d e f i n i t i o n   o f   t h e  
w i n g - f u s e l a g e  i n t e r s e c t i o n .  
Both of t h e s e   o p t i o n s   r e q u i r e   i n p u t  of t h e   d a t a  a t  k h l  same p e r  
c e n t  c h o r d s  u s e d  i n  t h e  camber s u r f a c e  d e f i n i t i o n .  
"_ N a c e l l e s .  - The n a c e l l e   c a l c u l a t i o n s  a r e  v e r y  similar t o  t h e  
s c l u t i c n   u s e d  in t h s  p + a r - f i e l d  wave drag   program.   The   pressure  
f i e l d s   i m p o s e d  by t h e   n a c e l l e s  on t h e  wing,   and  wing-on-nacel les ,  
a r e  computed   and   t he i r  combirsd e f f e c t  o n  the l i f t i n g   s o l u % i o n  
o k t a i n s d   t h r c u g h   s u p e r p o s i t i o n .  The e f fec t .   o f  + h e  nace l l e s  on t h e  
w i x g   d r a g - d u e - t o - l i f t   c a n be s u b s t a n t i a l   b e c a u s e  of l i f t  
c c n t r i b u t e d  by t h e   n a c e l l e   p r e s s u r e   f i e l d .  B o t h  llwrapll  and 
l l q l a n c e l i   s o l u t i o n s  for  t h e  n a c e l l e   F r e s s u r e   f i e l d  are a v a i l a b l e ,  
a s  described i n  S e c t i o n  3 . 6 .  
Cazagd- a n d   h o r i z o n t a l - t a i l .  - C a n a r d   a n d   h o r i z o n t a l  t a i l  l i f t i n g  
p r e s s u r e   d i s t r i b u t i o n s   a n d   f o r c e   c o e f f i c i e n t s  are c a l c u l a t e d  a s  
f o r  t h e  wing case. The  program assunes t h a t  a c a n a r d  i s  loca ted  
fo rward  of t h e  wing  and a h o r i z o n t a l  t a i l  aft of t h e  wing,  The 
e f f e c t s   o f  doknwash from u p s t r e a m   l i f t i n g   s u r f a c e s   ( i f   a n y )  a r e  
i n c l u d e d  ir. t h e  s o l u t i o n .  
"""" Downwash ,:shiftc' o p t i o n s .  - T h e  b a s i c   t h e o r e t i c a l   s o l u t i o n  
emFloyed  f rcm  canard or  w i n 9   p r o p a g a t e s   d i r e c t l y   a f t .  S i x e  t h e  
d c w m a s h   i n   t h e  r e a l  f l o w  case m u s t   f o l l o w  t h e  f u s e l a g e   c o n + o u r ,  
a s h i f t   f e a t u r e  ic t h e   p r o g r a m   t r a n s l a t e s  t h e  downwash f i e l d  
l a t e r a l l y  t o  accour?t . f o r   f u s e l a g e  r a d i i  change between a 
g e n e r a t i n g   ( c a n a r d  o r  wing)   and   a f f ec t ed   (w ing  o r  t a i l  l i f t i n g  
s u r f a c e .  The downwasy s h i f t  c a n  h a v e  a n  a p p r e c i a b l e  e f f e c t  on t h e  
c a l c u l a t e d  c h a r a c t e r i s t i c s ,  a s  shown i n  f i g u r e  3.7-6. 
The shift f e a t u r e  i s  c o n t r o l l e d  by i n F u t  codes. I f  t h e   c o n t r o l  
codes a r e  l e f t   b l a n k ,  t h e  downwash w i l l  be s h i f t e d   a c c o r d i n g  t o  
t h e   s i d e - o f - f u s e l a g e  Y v a l u e s   o f   c a n a r d ,   w i n g ,  or t a i l .  
A l t e r n a t i v e l y ,   t . h e  downwash c a n  be e i t h e r  u n s h i f t e d ,  o r  s h i f t e d  a 
s p e c i f i e d  a m o u n t ,  a s  described i n  +he  d a t a  i n p u t  s e c t i o n  (4 .0 ) .  
" ExEer ineEta l  ""-"""" comEarisons.  """ - T h e o r e t i c a l   c a l c u l a t i o n s  for a t y p i c a l  
s u F e r s c n i c  t r a n s F c r t  c o n f i g u r a t i o n  a r e  compared  wi th  cor resFonding  
w i n d   t u n n e l  d a t a  i n   f i g u r e s  3.7-7 and  3.7-8 (wing-fuse lage-  
n a c e l l e s )   a n d   f i g u r e s   3 . 7 - 9   a n d  3.7-10 ( i n c r e m e n t a l   e f f e c t s   o f  
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h o r i z o n t a l  t a i l )  The theoretical b u i l d u p  of the  z e r o - l i f t  d r a g  
c o e f f i c i e n t  i s  g iven  i n  f i g u r e  3.7-7. 
The l i f t  a n a l y s i s   p r o g r a m   c o n t a i n s   a n   o p t i o n a l   p r e s s u r e   l i m i t i n g  
f e a t u r e  for t h e  wing surface p r e s s u r e s  which operates somewhat 
di f f erent  f r o m  t h e  o n e  i n  tho design program. I n  the d e s i g n  c a s e ,  
t h e  lccal wing   ang le  of a t t a c k  i s  not a l lowed  to e x c e e d  t h e  v a l u e  
a s s o c i a t e d  w i t h  a F r e s s u r e  limit c o n d i t i o n .  I n  t h e  a n a l y s i s  c a s e ,  
t h e   F r e s s u r e   c o e f f i c i e n t  limit i s  imFosed,  bu% t h c  local  wing 
i n c i d e n c e  may g r e a t l y   e x c e e d   t h e   v a l u e  a t  which a limit. is f i r s t  
encountered .  
When t h e   p r e s s u r e   l i m i t i n g  option is used,  a set  of c o n f i g u r a t i o n  
a n g l e s  of a t t a c k   f o r   t h e   s o l u t i o n   m u s t  be p r o v i d e d ,   a n d   t h e  
c o n f i g u r a t i o n  t h i c k n e s s  p r e s s u r e s  from t h e  n e a r - f  ie&d program must 
be   Fxcv ided  t o  F e r r n i t   l i m i t i n g  of t h e  t o t a l  s u r f a c e   p r e s s u r e .  A 
solution f o r  a typ ica l   w ing   t h rough   an   a r ig l e  of a t t a c k  series 
u s i n g  the p r e s s u r e  l i m i t i n g  f e a t u r e  i s  shcwn i n  f i g u r e s  3.7-11 and 
3 . 7 -  1 2 .  The l i m i t i n g   f e a t u r e   g r e a t l y   i m p r o v e s   t h e  . l i n e a r   t h e o r y  
r e p r e s e n t a t i o n   o f   t h e   w i n g   p r e s s u r e   d i s t r i b u t i o n  a s  a q l e  of  
a t t a c k  i s  i r c r e a s e d .  
C o n r ~ q u r a t i o n - a e E ~ n d e n t  hadir.crs. o n e  mode of  l i f t   a n a l y s i s  
prcgram  usage i s  t o  g e n l r a t e  co r i f igu ra t ion -aependen t  d a t a  f o r  t h e  
wing  design  program. These d a t a  a r e  p r o d u c e d   a s   f o l l o w s :  
"" 
CATA I?Z_SC_RIIPTFGN EELUIREMENTS 
N a c e l l e  p r e s s u r e  f i e l d  P r e s s u r e  f i e l d  c a u s e d  C a l l  f o r  n a c e l l e s  
by  nacelles on winq. (AJ3=1.0) 
F u s e l a g e   s p w a s h   f i e l d   P r e s s u r e   f i e l d   i n d u c e d   C a l c u l a t e   f u s e l a g e  
o n   w i n g   b y   f u s e l a g e   e f f e c t s  or: wing 
UFWaSh. 
Fuse lag?  buoyancy f i e l d   P r e s s u r e   f i e l d   i n d u c e d  SYiW .. 0. 
on wing by unequa l  fu se -  
lage   vo lune   abcve   and  be- 
low wing. 
UFcn e x e c u t i o n ,   t h e   p r o g r a m  *hen l c a d s   t h e   F r e s s u r e   f i e l d s   i n t o  
the _rrcFer systerr  common b l o c k s .  
I f  tks f u s e l a g e  b u o y a n c y  f i e l d  i s  n o t  r e q u e s t e d  ( i .e. ,  SYMN = O . ) ,  
t h e  program cornFut.es t h e   F r e s s u r e   f i e l d  due t o  a mid-wing 
ar rangement .   This  i~ done so  that a t h i c k n e s s   p r e s s u r e   f i e l d   d u e  
t o  t h e   f u s e l a a e  w i l l  be a v a i l a b l e   f c rp r e s s u r e   l i m i t i n g  
c a l c u l a t i o n s ,   i f   d e s i r e d .  
Ic c a l c u l a t i n g   t h e  f u s e l a g e  upwash or buoyancy   f i e lds ,  it i s  
i m p o r t a n t  t o  remember t h e  p o w e r f u l  i n f l u e n c e  of wing  he igh t  on t h e  
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f C, des = 0.08) 
side of t h e  f u s e l a g e .  This s t r o n g l y  a f f e c t s  bo+h t h e  loca l  upwash 
a n g l e s ,  ar,d the  above-and-helow  wing area d i s t r i b u t i o n s .  
C a l c u l a t i o n  of t h e  f u s e l a g e  upwash f i e l d  may be rlor,e ir. e i t h e r  of 
twc w a y s ;  t h e  F r i r . c i p a 1   c o n d i t i o n  i s  t h a t  t h e   r e s u l t a n t   F r e s s u r e  
f i e l d  i s  t h a t  due t-o upwash  only. I n  t h e  compter  program, t h i s  
is handled b y  i n p u t t i n g  a camber s u r f a c e   h a v i n g   a p p r o x i m a t e l y  t h e  
correct  w i n g - f u s e l a g e   r e l a t i o n s h i p   ( w i n g  height, etc.)  , but then 
z e r o i n g   t h e   w i n g   s l o p o s   i n  t h e  c a m b e r   s u r f a c e   c a l c u l a t i o n s  (by  
s e t t i n g  WHIJP=l . O )  . Ir  i t e r a % i v e  c y c l e s ,  t h e  wing carriber s u r f a c e  
a n d  f u s e l a g e  r e l a t i o n s h i p  can  be r e f i n e d .  
A l t e r n a t i v e l y ,  a s  a c r u d s   t a r t i r i g   p 0 i r . t  i n  t h e  fuse l age   upwash  
c a l c u l a t i o n ,  t h e  f l a t   w i n g   o p t i o n   c a n  be used. By s e t t i n q  TIFE 
C = 2 . 0 ,  t he   w ing  slopes a r e   a u t o m a t i c a l . l y   z e r o e d  ar,d t h e  wing 
h e i g h t  r e l a t i v e  t o  %he f u s e l a g e  will be c o n t r o l l e d  b y  t h e  fuselage 
m e a n l i n e   i n p u t  and t h e  w i n g   l e a d i n g   e d g e  55 d e f i n i t i o n  (%LED and  
ZFUS i n  t h e  &s ic  geometry) .  

4.0 I N P U T  FORYAT 
I n p u t   r e q u i r e m e n t s  for the system are  g i v e n   i n   t h i s   s e c t i o n   a n d  
c o n s i s t  of: 
E x e c u t i v e  control card summary 
Basic g e o m e t r y   d e f i n i t i o n  
. *  A d d i t i o n a l  data i n p u t  for programs of sys tem 
The u s u a l   i n p u t   f o r m a t  i s  10 f i e l d  - 7 d i g i t ,  punched with 
d e c i m a l s  t o  t h e  left i n  t h e   c a r d  f ields.  Some data  ( p a r t i c u l a r l y  
t h e   c o n t r o l  codes in t h e  basic geometry) a r e  i n p u t   i n   i n t e g e r  
f o r m ,   w i t h o u t   d e c i m a l ,  t.0 t h e   r i g h t  i n  t h e  card f ie ld .  The 
f o r m a t s  are i d e n t i f i e d  i n  all cases. 
T o  p r o v i d e   d e s i g n  or a n a l y s i s   f l e x i b i l i t y ,   t h e r e  are numerous 
p r o g r a m   o p t i o n s  t h a t  are c o n t r o l l e d  by input codes. Where there 
i s  a @fnormallf  way of h a n d l i n g  the o p t i o n ,  the code is d e f a u l t e d  t o  
z e r o  (i.e.,  i f  t h e  f i e l d  c o n t a i n s  a zero o r  i s  b l a n k ,  t h e  ffnormaltl  
s o l u t i o n  will be c a l c u l a t e d ) .  
**NOTE** 
T h e  allowable i n p u t  number s i z e s  are: 
* N o  more t h a n  5 d i g i t s  t o  l e f t  of d e c i n a l  
a N o  more +.ban 4 d i g i t s  t o  r i g h t  of decimal 
4.1 E x e c u t i v e  C o n t r o l  card Surnrrary 
C o n f i g u r a t i o n  input and   p rogram  execu t ion  are crdered b y  means of 
c o n t r o l  c a r d s  read a t  t h e  e x e c u t i v e  level. 
T h e   c o n t r o l  cards c o n s i s t  of a few a l p h a n u m e r i c   c h a r a c t e r s  
s t a r t i c g  i n  column 1. 
Geometry  input..  - The c o n f i g u r a t i o n   g e o m e t r y  i s  read and 
m a n i p u l a t e d   i n  the geometry  module. Geometry m y  be i n p u t  as a l l -  
new, or as a replscement o r  a d d i t i o n  to e x i s t i n g  geometry. The 
c o n t r o l  cards for geomet ry  inpu t  are: 
GE0M NEW A l l - n e w   c o n f i g u r a t i o n   d e s c r i p t i o n  follows, 
and  any  p rev ious  geomet ry  is purged.  
(Leave one column space between GEBM and 
N 5 W )  . 
Inpu t   geomet ry  i s  added t o  (or r e p l a c e s )  
e x i s t i n g  d e s c r i p t i o n .  
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Geometa """ upda te .  - The basic geometry d e s c r i p t i o n  contained i n  t h e  
geometry  module may be upda ted  using data c o n t a i n e d  i n  0, 0 level 
common b l o c k s .  This a p p l i e s  t o  a new f u s e l a g e   d e f i n i t i o n  (io@., 
o p t i m i z e d  f u s d a g e  from t h e  f a r - f i e l d  wave d r a g  program) or a new 
wing camber surface definition. The c o n t r o l  cards are: 
FSUP F u s e l a g e  w i l l  be updated  t c  d e f i n i t i o n  
c o n t a i n e d  i n  /QPBQD/. The /OPBQD/ 
definition i s  created each time t h e  f a r -  
f i e l d  wave drag program execu te s  the 
optimum-fuselage-with-restraints case. 
If t h e  f u s e l a g e  update is r e q u e s t e d ,  a second c a r d ,  t e l l i n g  how to 
per fo rm the upda te ,  i s  r e q u i r e d ,   P u n c h   ( s t a r t i n g  in column 1)  the 
f ol lowing  code : 
-1 .  F u s e l a g e  is t o  be r e d e f i n e d  a t  same x s t a t i o n s  a s  
p r e v i o u s  d e f i n i t i o n .  
1. Fuselage is tc be d e f i n e d  at 50 equally s p a c e d   s t a t i o n s .  
WGUP w i t h  camber s u r f a c e  w i l l  be upda ted  t o  
t h e   d e f i n i t i o n   c o n t a i n z d  i n  /CAMBEk/. The 
/CAMBER/ d e f i n i t i o n  i s  c r e a t e d  e a c h  time 
the  wing  des ign  p rogram executes .and pro- 
duces  a camber   sur face  f o r  a s p e c i f i e d  set 
of c o n d i t i o n s .  
The  user   must   remember  that  the u p d a t e   f o r   f u s e l a g e  o r  camber 
s u r f a c e -  will r e q u i r e  t h a t  tk.3 /QPSQD/ or /CWi3E€?/ d e f i n i t i o n  be 
c u r r e n t .  T h e s e  corcirron blocks w i l l  c o n t a i n  t h e  l a s t  d e f i n i t i o n  
produced by t h e  f a r - f i p l d  wave d r a g  or wing des ign  programs.  
?_rsqram ?xesg;jo_n. - Execu t ion  of the   p rog rams  i n  the sys tem i s  
o r d e r s d  by t h e  f o l l o w i n g  cards: 
PL0T p 1 c t  program 
SKFF s k i n  f r i c t i o n  program 
FFWD f a r - f i e l d  wave d r a g  progran  
NFWD near-field wave drag   program 
APU'LZ l i f t  an3 lys i s   p rog ram 
WCEZ wing dzs ign   program 
The c o n t r o l  c a r d  f o r  proqram execut ion  i s  the f i r s t  card of t h e  
se t  d e s c r i b i n g  t h e  p r o g r a m   d a t a   i n p u t .   I n d i v i d u a l  p rogram inpu t s  - 
a r e  q i v e n  o n  the fo l lowing  pages .  
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IvIultiple case e x e c u t i o n  w i t h  t h e  basic programs of t h e  sys t em i s  
p o s s i b l e ,  a s  i n  the s t a n d - a l o n e   v e r s i o n s  of the  programs.   The 
d a t a  f o r  s u c c e s s i v e  c a s e s  a r e  s t a c k e d  as i i 2 s c r i b e d  i n  the program 
i n p u t   d e s c r i p t . i o n .  A t  t h e  end of the d a t a   s t a c k ,   a n  END c a r d  i s  
r e q u i r e d  to t e r m i n a t e  the program. The END c a r d  is no t   u sed  for 
t h e  geometry  input. ,   however.  
"""""" I n t e r a c t i v e  ~~g&~hlhs. - The g r a o h i c s   s u b r o u t i n e s   i n   t h e   s y s t e m  are 
a c t i v a t e d  by the e x e c u t i v e  card CRT (punched i n  f i r s t  three c a r d  
co1urr;ns) . The CRT c a r d  may be placed   anywhere  i n  t h e   d a t a   d e c k  
t h a t  a n  e x e c u t i v e   c a r d  may be r e a d .  If no CRT c a r d  i s  inc lud2d ,  
t h e  sys tem w i l l  2 x e c u t e   w i t h o u t   a c c e s s i n g   a n y  of t h e   g r a p h i c s  
programs. 
h d e s c r i p t i o n  of t h e  i n t e r a c t i v e   g r a p h i c s   p a r t  of t h e  des ign   and ,  
a n a l y s i s  systr-em is p r e s e n t e d  i n  A p p e n d i x  A. 
4 . 2  Geomet-ry  Program 
The geometry  program stores t h e  basic geometry d a t a ,  a n d  s t a c k s  i t  
a s  r e q u i r e d  by the i n d i v i d u a l  p r o g r a m s  of t h e  system. 
Access to the  gecn?e+ry program, t o  s t o r e  or a l t e r  t h e  
c o n f i g u r a t i o n  d e s c r i p t i o n ,  i s  th rough  the GEQM or GEQM NEW c o n t r o l  
c a r d  (see  e x e c u + i v e  c o n t r o l  card summary) 
'The format  of t h e  g e o m e t r y  i n p u t  u s e s  b o t h  i n t e g e r  ( c o n t r o l  cards) 
a n d   f l o a t i n g   p o i n t   n u m b e r s ,  All i n t e g e r s  a re  p u n c h e d   r i g h t  
j u s t i f i e d   i n   t h e i r   f i e l d s   o n  t h e  c a r d s ,   w i t h o u t   d e c i m a l s .  All 
f l o a t i n g   p o i n t  numbers a rc   punched ,  w i t h  decirrals, to  t h e  left of 
the f i e l d  i n  10 f i e l d  -7 d i g i t   r o r m a t .  The prcqram logic uses t h e  
component. c o n t r o l   c o d e s  (Jl ,  5 2 ,  e tc . )  on c a r d  3 a s   f o l l o w s :  
0 
2 
O t h e r  
Component w i l l  not be input.   However,  i f  t h e  
cornpnent  h a s  p r e v i o u s l y  b e e n  i n p u t  ( a n d  no t  
purged by a GEQM-NEW c a r d ) ,  %he 0 is inter- 
p r e t e d  as a 2, 
P r e v i o u s l y  input component is left as  is. 
N e w  i n p u t  fo r  t h i s  componen t  r ep laces  
p r e v i o u s  i n p u t .  
T h e   l o g i c  of t r e a t i n g  a 0 a s  a 2 for e x i s t i n g   c o m p o n e n t s  is t o  
p r o t e c t  d a t a  on  t h e   g e o m e t r y  f i l e  from i n a d v e r t e n t  loss. Then, i f  
it i s  d e s i r e d  to add o r  change  a c o n f i g u r a t i o n   c o m p o n e n t  on 
s u c c e s s i v e  r u n s ,  only t he  new component need be addressed .  
5 1  
A control code 
completely rep1 
one. It is not 
or nace l le ;  the 
other than 0 or 2 i n s t r u c t s  t h e  program to 
.ace t h e  prev ious  comFonent d e s c r i p t i o n  w i t h  a new 
possible to add a fir, or nacel le  to a previous  f i n  
new descr ip t ion  must be complete in i t s e l f .  
Deletion of a component is  possible only through purgifig the 
entire c o n f i g u r a t i o n ,  u s i n g  t h e  GEBN NEW card. 
Card Card Decimal Variable  




Descr ip t ion  
G E ~ M  o r  GE@M NEW 
GE@M = geometry addition 
GE@M NEW = all-new geometry 
2 1-70 Any des i r ed  t i t l e  information.  
3 1-3 
3 4- 6 
3 7-9 
NO JO Reference  geometry  code. 
0 = Reference geometry not required 
1 = Read r e fe rence  area, - c ,  xcg 
2 = Reference geometry same as previous 
( p l o t  program) 
case.  
NO J1 Wing input  code 
-1 = Read uncambered wing 
0 = No wing 
1 = Read cambered wing 
2 = Wing same as previous case,  
NO 52 Fuselage  input  code 
-1 = Read c i r c u l a r  f u s e l a g e  
0 = No fuse l age  
1 = Read a r b i t r a r i l y  s h a p e d  ( d i g i t i z e d )  
fuse l age  
2 = Fuselage same as previous case 
3 = Read c i r c u l a r  f u s e l a g e  and 
per imeter  values .  
3 10-12 NO 53 Nacelle inpu t  code 
0 = No n a c e l l e s  
1 = Read n a c e l l e s  
2 = Nacelles same as previous case.  
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C a d  C a r d  Decimal Variable 
Number Column Required Name 
3 13-15 NO 54 F in   i npu t  code 
Descr ip t ion  
0 = No f i n  
1 = Read f i n  data 
2 = Fin  data same as previous case.  
3 16-18 NO 55 Canard ( o r  ho r i zon ta l  ta i l )  inpu t  code 
0 = No canards 
1 = Read canard data 
2 = Canards same as previous case. 
3 19-21 NO .56 Fuselage  Simplification  code 
-1 = Uncambered c i r c u l a r  f u s e l a g e  
0 = Cambered c i r c u l a r  o r  a r b i t r a r y  
1 = Complete configurat ion is 
fuse lage .  
symmetrical w i t h  r e s p e c t  t o  X-Y 
plane,  which implies  uncambered 
c i r c u l a r  f u s e l a g e  i f  t h e r e  is a 
fuse lage .  
3 22-24 NO 
3 25-27 NO 
3 28-30 NO 
3 31-33 NO 
3 34-36 NO 
3 37-39 NO 
3 40-42 NO 
WAF  Number of a i r f o i l s   d e s c r i b i n g  wing. 
2 -L WAF - 20. 
NWAFOR Number of ordinates   def ining  each 
a i r f o i l  s e c t i o n .  
3 NWAFOR -L 20. 
NFUS Number of  fuselage  s gments.  
0 = NFUS -L 4. 
NRADX(1) Number of  po in ts  def in ing  ha l f  sec t ion  
of first fuselage  segment. If fuse lage  
is c i r c u l a r ,  t h e  program c a l c u l a t e s  t h e  
ind ica ted  number of Y and Z o rd ina tes .  
3 NRADX(~)  A 30. 
NFORX(1)  Number o f  s t a t i o n s  f o r  first fuse lage  
segment. 
4 N F O R X ( ~ )  4 20. 
NRADX(2) Same as above f o r  segment 2. 








Var iab le  
Name 
NRADx(3) 
NFORX ( 3) 
NRADx( 4) 
NFORX( 4) 
Descr ip t ion  
3 Same as above f o r  segment 3. 
3 
3 
Same as above f o r  segment 3. 
49-Sl NO Same as above for segment 4. 
52-54 NO Same as above f o r  segment 4. 3 
3 55-57 NO NP Number of n a c e l l e s   t o  read. 
Np 4 3. 
3 58-60 NO NPOD OR Number of s t a t i o n s  a t  which n a c e l l e  
r a d i i  a r e  s p e c i f i e d .  
4 L- NPODOR L- 20 .  
61-63 N O  NF Number of f i n s   t o   r e a d .  
NF L- 6. 
3 
64-66 NO 3 NFINOR Number of  ord ina tes  def in ing  each  f in  
a i r f o i l  s e c t i o n .  
3 6 NFINOR 10. 
3 67-69 NO NC AN Number of canards t o  r e a d .  
NCAN L- 2. 
3 70-72 N O  NCANOR Number of ord ina tes  def in ing  each  
c a n a r d  a i r f o i l  s e c t i o n .  
3 L- NCANOR 10. 
If n e g a t i v e ,  a i r f o i l s  a r e  non-symmetric. 
4 1-7 YES REFA Wing r e f e r e n c e   a r e a  
4 8-14 YES CBAR P i t ch ing  moment r e fe rence   l g th .  
(Required for ANLZ Bnd WDEZ only)  
4 15-21 YES XBARIN X va lue  of p i t ch ing  moment cen te r  
(Requi red  for  ANLZ and WDEZ only)  
Note: O m i t  t h i s  c a r d  i f  JO (Card 3) is 0 o r  2. 
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Wing Descr ip t ion  
Card Card Decimal  Variable 
Number  Column Required N a m e  
O m i t  card sets  5, 6 ,  7 ,  8 and 9 i f  J1 is 0 or 2. 
Descr ipt ion 
5 1-70 YES XAF Array of percent  hords a t  which  w ng







Not e : 
8 1-70 
Note : 
Not e : 
YES XLED X coord ina te   o f   a i r fo i l   l ead ing   edge ,  
YES YLED Y coordinate   of   a i r foi l   leading  edge,  
YES ZLFD Z coord ina te   o f   a i r fo i l   l ead ing   edge ,  
YES CLED Airfoi l   ch rd  length 
This card is repea ted  fo r  each  a i r fo i l ,  o rde red  inboa rd  to  
outboard.  
YES TZORD Array of  camber Z values   referenced t o  
Z coordinate  of a i r fo i l  l ead ing  edge ,  
ordered leading edge t o  t r a i l i n g  edge. 
This card is repea ted  fo r  each  a i r fo i l ,  o rde red  inboa rd  to  
outboard.  O m i t  c a r d  s e t  7 i f  wing not  cambered. 
YES WAFORD Array of a i r f o i l  u-pper su r face   ha l f  
th ickness  ord ina tes  expressed  in  percent  
chord ,  o rdered  leading  edge  to  t ra i l ing  
edge. 
Repeat C a r d  S e t  8 fo r  each  a i r fo i l ,  o rde red  f rom inboa rd  to  
outboard.  
Card S e t . 9 ,  a n  o p t i o n  i n  t h e  p l o t  program i n p u t  t o  d e f i n e  
. the  lower  sur face .a i r fo i1  for  an  asymmetr ic  a i r fo i l  shape ,  
was deleted from t h e  b a s i c  g e o m e t r y  t o  r e d u c e  c o r e  s i z e ,  
5 5  
F u s e l a g e  D e s c r i p t i o n  
O m i t  c a r d  se ts  10-15  i f  5 2  is 0 or 2. The   fu se l age  is input i n  
segments .   Comple te   input  f o r  each segmen t   be fc re   go ing  on t o  n e x t  
segment.  A segment may c o n t a i n  520 d e f i n i n g   s t a t i o n s .  First 
segment must begin a t  x=O. 
I f  there is more t h a n   o n e   f u s e l a g e   s e g m e n t ,  t h e  f i r s t  s t a t i o n  of 
a segment r e p e a t s  t h e  d e f i n i t i o n  of t h e  l a s t   s t a t i o n  of t h e  
p r e c e d i n g  segment {i .e. ,  c r o s s - s e c t i o n  is  a g a i n   d e f i n e d  a t  t h e  
same X s t a t i o n )  . O t h e r w i s e ,  a gap i n  the f u s e l a g e   d e s c r i p t i o n  
w i l l  occur   be tween  the  l a s t  s t a t i o n  of one  segment. a n d  t h e  f i r s t  
s t a t i o n  of t h e  fo l lowing   segment .  Make t h e  f i r s t  x v a l u e  of t h e  
s u c c E e d i n g   s e g m e n t -   s l i g h t l y   l a r g e r   t h a n  t h e  l a s t  x va lu?  of t h e  









Card Decimal Variable  





Not e : 
1-70 




Not e : 
YES XFUS Array of fuselage X s t a t i o n s  
YES ZFUS Array of Z coord ina tes  def in ing  
fuse lage  cer i te r l ine .  
O m i t  card s e t  11 i f  56 f 0 o r  i f  52 = 1. 
YES FUSARD Array of f u s e l a g e   c r o s s   s e c t i o n a l  
a r e a s  . 
hit c a r d  s e t  1 2  i f  52 n o t  e q u a l  t o  -1 o r  3 .  
YES FUSPER Array  of  fuselage  perimeters.  
O m i t  c a r d  s e t  13 i f  J2 n o t  e q u a l  t o  3. 
YES SFUS Array of Y coord ina tes   def in ing  first 
s t a t i o n  h a l f  s e c t i o n ,  o r d e r e d  b o t t o m  t o  
t o p .  
YES SFUS Array of Z coord ina tes   def in ing  first 
s t a t i o n  h a l f  s e c t i o n ,  o r d e r e d  b o t t o m  t o  
top.  
Repeat card se t s  14 and 15 f o r  e a c h  s t a t i o n  i n  segment 1. 
O m i t  card sets  14 and 15 i f  52 is n o t  e q u a l  t o  1. 
For each fuselage segment,  repeat card se t s  10 t h r u  15. 
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Nacelle Descr ip t ion  
C a r d  Card Decimal Variable  
Number Column Required Name 
Descr ip t ion  
O m i t  card sets  16, 17 and 18 i f  53 is 0 or 2. 
16 1-7 YES PODORX X coordinate   of or igin  f first 
n a c e l l e  
16 8-14 YES PODORY Y coordinate  of  origin  of first 
n a c e l l e  
16 15-21 YES PODORZ Z coord ina te   o f   o r ig in  of first 
n a c e l l e  
16 22-28 YES POD ZW Z coordinate  of  origin of first 
n a c e l l e ,  r e f e r e n c e d  t o  lbcal  wifig 
surf ace. 
0 .  , program will calculate  f rom 
POD OR Z 
l o c a l  wing surface 
l o c a l  wing su r face  
+D, n a c e l l e  i s  loca ted  D uni ts   above 
-D,  n a c e l l e  i s  loca ted  D u n i t s  below 
Note: If PODZW f 0 .  , PODORZ is not  requi red .  
17 1-70 YES XPOD Array of X coorLinates ,   referenced t o  
n a c e l l e  o r i g i n ,  a t  which n a c e l l e  r a d i i  
will be s p e c i f i e d .  
18 1-70 YES RPOD Array of n a c e l l e   r a d i i .  
Note: For each  nace l le ,  repea t  card  sets  16 t h r u  18. 
If PODORY is non-zero, a d u p l i c a t e  n a c e l l e  is loca ted  
symmet r i ca l ly  to  the  X-Z plane.  
57 
Fin   Descr ip t ion  
Card C a d  Decimal Var iab le  
Number Column Required Name 
O m i t  card s e t s  19,  20 and 21 i f  J4 is 0 o r  2. 
19 1-7 YES 
19 8-14 YES 
19 15-21 YES 
Descr ip t ion  
X c o o r d i n a t e  o f  l o w e r  f i n  a i r f o i l  
leading edge. 
Y coo rd ina te  o f  l ower  f in  a i r fo i l  
leading edge. 
Z coo rd ina te  o f  l ower  f in  a i r fo i l  
leading edge. 
19 22-28 YES Chord length   o f   l wer   a i r fo i
19 29-35 YES 
19 36-42 YES 
19 43-49 YES 
X coordinate  of upper f i n   a i r f o i l  
leading edge. 
Y coordinate  of uppe r  f , i n  a i r fo i l  
leading edge. 
Z coo rd ina te  o f  uppe r  f in  a i r fo i l  
leading edge. 
19 50-56 YES Chord l eng th  of  upper a i r f o i l .  
20 1-70 YES XFIN Array  of  percent  chords,  ered 
leading edge t o  t r a i l i n g  e d g e ,  a t  which 
f i n  a i r f o i l  o r d i n a t e s  w i l l  be  spec i f ied ,  
21 1-70 YES FINORD Array of f i n   a r f o i l   h a f   t h i c k n e s s  
ordinates  expressed as percent chord. 
Note: Repeat card sets 19 t h r u  2 1  f o r  e a c h  f i n .  
58 
Canard ( G r  Horizontal  T a i l )  Descr ipt ion 
Card Card Decimal Variable 
Number Column Required- Name 
Descript ion 
Program i d e n t i f i e s  h o r i z o n t a l  t a i l  o r  canard by l o c a t i o n   r e l a t i v e   t o  wing. 
. O m i t  card se t s  22-25 if 55 is 0 or  2 .  
22 1-7 YES 
22 8-14 YES 
22 15-21 YES 
X coord ina te  of  inboard  canard  a i r fo i l  
leading edge. 
Y coord ina te  of  inboard  canard  a i r fo i l  
leading edge. 
Z coordinate  of  inboard canard airfoi l  
leading edge. 
22 22-28 YES Chord length  of  inboard  canard  i r foi l .  
22 29-35 YES 
22 36-42 YES 
22 43-49 YES 
X coordinate  of  outboard canard airfoi l  
leading edge. 
Y coordinate  of  outboard canard airfoi l  
leading edge. 
Z coordinp t e  of outboard canard a i r f o i l  
leading edge. 
22 50-56 YES Chord length  cf outboard   canard   i r fo i l  
23 1-70 YES XCAN Array  of percent chords,   ordered  lea ing 
edge t o  t r a i l i n g  e d g e ,  a t  which canard 
a i r f o i l  o r d i n a t e s  will be  spec i f ied .  
24 1-70 YES CANORD Array of canard   a i r fo i l   upper  surface 
half-thickness ordinates expressed as 
percent chord, ordered leading edge t o  
t r a i l i n g  edge. 
25 1-70 YES CANORl  Same as above f o r  l ower   cana rd   i r fo i l  
Note: If canard is symmetric, omit  card s e t  25. 
Note: For each canard,  repeat  card s e t s  22 t h r u  25 .  
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4 . 3  Plot Program 
This program draws a p i c t u r e  of the conf igura t ion   def ined  i n  t h e  
b a s i c  geometry, as  requested by the codes on  card 3 .  
V i e w s  of %he conf igu ra t ion  a re  con t ro l l ed  by the inputs on card 4 .  
There w i l l  be 'as many drawings of t h e  c o n f i g u r a t i o n  a s  there a r e  
cards 4. Three different t y p e s  of card  4 i n p u t s  are possible ,  f o r  














p r s p e c t i v e ,  cr s tacked three-view options. 







Descr ip t ion  
P L ~ T  
Any d e s i r e d  t i t l e  information. 
A J 1  Wing input  code. 
0 .  = Ignore wing d e f i n i t i o n .  
1. = Inc lude  wing d e f i n i t i o n .  
A 52 Fuselage  input  code. 
0.  = Ignore  fuse l age  de f in i t i on .  
1. = Inc lude  fuse l age  de f in i t i on .  
AJ3 Nacelle  input  code. 
0 .  = Ignore  nace l l e  de f in i t i ons .  
1. = Inc lude  nace l l e  de f in i t i ons .  
AJ4 Fin  input  code. 
0.  = I g n o r e  f i n  d e f i n i t i o n s .  
1. = I n c l u d e  f i n  d e f i n i t i o n s .  
A 55 Canard input  code. 
0 .  = Ignore  canard  def in i t ions ,  
1. = Inc lude  canard  def in i t ions .  
For Orthographic Pro.jections 
HOR Z X ,  Y, Z f o r   h o r i z o n t a l   a x i s .  
VERT X ,  Y ,  or Z for v e r t i c a l   a x i s .  
TEST1 @UT i f  d e l e t i o n  of h idden   l ines  
required;  otherwise blank. 









































Y E S  
YES 
YES 









Descr ip t ion  
R o l l   a n g l e   i n  degrees. 
P i t c h   a n g l e   i n   d e g r e e s .  
Yaw a n g l e   i n   d e g r e e s .  
Length i n  i n c h e s  of maximum config- 
uration dimension. 
Punch @RT i n  t h e s e  columns 











X of eye point i n  d a t a  c o o r d i n a t e  
system. 
Y of eye point i n  d a t a  c o o r d i n a t e  
system. 
Z of eye  poin t  in  da ta  coord ina te  
system. 
X of f o c a l  p o i n t  i n  d a t a  c o o r d i n a t e  
system. 
Y of f o c a l  p o i n t  i n  d a t a  c o o r d i n a t e  
system. 
Z of f o c a l  p o i n t  i n  d a t a  c o o r d i n a t e  
system. 
Distance from eye point to view 
p lane  in  inches .  
View plane  magni f ica t ion  fac tor .  
Con t ro l s  s i ze  of projected image. 
Diameter of view plane in  inches.  
DIST and PLOTSZ determine a cone which 
is t h e   f i e l d  of v i s i o n ,  
The l e t t e r s  PER 
* Ins ide  conf igura t ion  
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eye polnr - I '  / - PLoTSZ Viewing plane 
FMAG controls  image  size 
FIGURE  4.0-1."PERSPECTIVE VIEW INPUTS 
For P lan ,  FYont and Side  Views (Stacked) ___"" . 
C a d  Card Decimal Variable  
Number Column Required Name 
Descr ip t ion  
4 8-12 YES PHI Ordinate of plan  viewcenter l ine on 
pape r  ( in  inches ) .  
4 13-17 YES THETA Ordinate of s i d e  view  c nter l ine on 
pape r  ( in  inches ) .  
4 18-22 YES PSI Ordinate of f r o n t  view  center l ine 
on paper  ( in  Inches) .  
4 48-52 YES PLOTSZ Length ( i n   i n c h e s )  of maximum p l o t  
dimension. 
4 53-55 TYPE The l e t t e r s  VU3 
Note:  For  each addi t ional  plot  desired,  card 4 w i l l  be repeated 
a t  t h i s  p o s i t i o n  i n  t h e  d a t a  d e c k .  
5 1-3 END 
4 . 4  S k i n   F r i c t i o n   P r o g r a m  
codes on card  3 c o n t - r o l   i n c l u s i o n  of b a s i c   g e o r e t r y  as r e q u e s t e d .  
Where a d d i t i o n a l  i n p u t  i s  r e q u i r e d   ( e . g . ,   f u s e l a g e   p r i m e t e r  
o p t i o n ) ,  i n p u t  a r e a s  o r  lengths i n  u n i t s  c o n s i s t e n t  w i t h  t h e  basic 
g e c m e t r y  d e f i n i t i o n .  
T h e   s k i n   f r i c t i o n   c o e f f i c i e n t   s u b r o u t i n e   i n  the p r o g r a m   r e q u i r e s  
l e n g t h s  in f e e t .   ' T h e   i n p u t   l e n g t h s  a r e  c c n v e r t e d  t o  feet, i f  
n e c e s s a r y ,  u s i n q  the factor SCAMOD on card 5 o r  6 .  
I n p u t s  o n  c a r d  3 a r e  i n t e g e r s ,  a n d  must  be r i g h t -  j u s t i f i e d  ir, t h e  
field, wi thou t   dec ima l .  The o t h e r   i n p u t  are 10 f i e l d  -7 d i g i t  
f o r m a t ,   w i t h   d e c i m a l s .  
Card Card Decimal Var iab le  
Number Column Required Name 
Descr ip t ion  
1 1-4 SKFR 
2 1-70 Any d e s i r e d  TITLF: information 
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I 
Card Card Decimal Variable 
Number Column Required , Name 
Descr, iption 
3 1-3 NO Jl Wing input  code 
-1 = Wing defined in  basic  geometry.  
Make no c o r r e c t i o n  f o r  wing- 
f u s e l a g e  j o i n t .  
0 = No wing def ined.  
1 = Wing defined in  basic  geometry,  
Subt rac t  wing r o o t  a r e a  from 
fuselage wet ted area.  





3 10-12 NO 
J2 Fuselage  input  code 
-1 = Wetted a r e a  and re ference  length  
w i l l  be inpu t .  
0 = No fuselage def ined.  
1 = Fuselage def ined in  basic  
2 = Fuselage same as preceding case. 
geometry. 
53 Nacelle  input  code 
-1 = Wetted a r e a  and re ference  length  
will be inpu t ,  
0 = No nace l les  def ined .  
1 = Nacelles defined in basic geometry.  
2 = Nacelles same as preceding cases.  
54 Fin  input  code 
-1 = Fins def ined in  basic  geometry.  
Make no c o r r e c t i o n  f o r  f i n -  
f u s e l a g e  j o i n t .  
0 = No f i n s  d e f i n e d .  
1 = Fins def ined in  basic  geometry.  
S u b t r a c t   f i n  r o o t  a r ea  from 
fuselage wet ted area.  
2 = Fins same as preceding case,  
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Card ,. Card Decimal Variable 
Number Columns Required Name 
3 13-15 NO J5 
Descript ion 
Canard ( o r  ho r i zon ta l  t a i l )  input code 
-1 = Canards defined in basic geometry.  
Make no co r rec t ion  for canard- 
f u s e l a g e  j o i n t ,  
0 = No canards defined. 
1 = Canards defined i n  basic geometry. 
Subtract canard root area from 
fuse lage  wet ted  a rea .  
2 = Canards same as preceding case.  
4 1-7 YES AKI Mach number-altitude  combination  code. 
-AKI = Combination same as preceding 
case.  
combinations. 
a t i o n s .  AKI g 20. 
0 = Use Mach number-Reynolds 
A K I  = Number of Mach-altitude combin- 
4 8-14 YES A K 4  Mach number-Reynolds  combination  code. 
-AK4 = Combinations same as preceding 
case.  
combinations. 
a t i o n s .  AKb 4 20. 
0 = Use  Mach number-alt i tude 
AK4 = Number of Mach-Reynolds combin- 
4 15-21 YES AXTPT Miscellaneous  components  code. 
-AXTPT = Same components as preceding 
cas   e .  
def ined . 
components. NXTFT 10. 
0 = No miscellaneous components 
AXTPT = Number of miscellaneous 
4 22-28 YES POVLP To ta l   ve r l ap   a r eafo r   n ce l l e s  
Subtract from wing wet ted area.  
5 1-7 YES AM Mach number 
5 8-14 YES AL A l t i t u d e   ( f e e t  /1000. ) 
5 15-21 YES DELT Temperature  deviation  from  standard 
day (OF) 
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Caxd Card Decimal Var iab le  
Number Column Required Name 
Descr ip t ion  
5 22-28 YES SCAMOD Sca le   f ac to r   t o   conve r t   i npu t  d imens ions  
t o  f ee t .  
Note : There w i l l  be  AKI of card(  s) 5, 
O m i t  card s e t  5 if  AKI is 0 o r  negat ive.  
6 1-7 YES AM Mach number 
6 8-14 YES RNPFL Reynolds Number pe r  foo t  l eng th  x 10. -6 
6 15-21 YES SCAMOD S c a l e   f a c t o r   t o   c o n v e r t   i n p u t   d i m e n s i o n s  
t o   f e e t .  
6 22-28 YES TOTEM Total   temperature  ( O R )  
Note:  There will be AK4 of ca rd ( s )  6. 
O m i t  card s e t  6 i f  M4 is  O or negat ive ,  
7 1-7 YES SWETRB Fuselage  wetted area 
7 8-14 YES FUSL Fuse lage   r fe rence   l ength .  
Note: O m i t  card 7 i f  52 is 0, 1 or 2. 
8 1-7 YES SWETNA Tota l   nace le   w t t d  area 
8 8-14 YES TODL Nacel le   re f rence   l ength .  
Note: O m i t  card 8 i f  J3 is  0, 1 or 2. 
9 1-7 YES SWETXP Wetted area of  miscellaneous  component. 
9 8-14 YES RXLP Reference  l gth of miscellaneous 
component. 
9 15-24 PTITLE  Any des i r ed  t i t l e  information,  
Note:  There will be NXTPT of card (s) 9. 
O m i t  card s e t  9 i f  NXTPT is  0 o r  negat ive.  
For each new case ,  add Cards 2 through 9 a t  t h i s  p o s i t i o n  i n  t h e  d a t a  d e c k .  
10 1-3 END 
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4.5  F a r - F i e l d  Wave Drag Program 
codes on card 3 c o n t r o l   i n c l u s i o n  of basic geomet ry   da t a  a s  
r e q u e s t e d .  The case nurrber i n  f i r s t  field of card 4 i s  a n  
i n t e g e r ,  and  mu'st be r i g h t  j u s t i f i e d  i n  t h e   f i e l d ,   w i t h o u t  
dec imal ,  O t h e r  i n p u t  are i n  10 f i e l d ,  -7  d i g i t  format. 
If the f u s e l a g e  r e s t r a i n t  f e a t u r e  is used, the r e s u l t i n g  fuse l age  
d e f i n i t i o n  for t h e  l a s t  case w i l l  be s t o r e d   a n d   c a n  be used to 
u p d a t e   t h e   b a s i c  geometry (see  e x e c u t i v e  control c a r d  summary, 
FSUP) . 
M u l t i p l e  cases i n v o l v i n g  a g i v e n   c o n f i g u r a t i c n   d e s c r i p t i o n   { e . g . ,  
v a r i o u s  Mach numbers) may be r u n  by a card 4 series. I f  t h e  
geometry i s  to be changed,  an END card must be input and the 
program r e - e n t e r e d  by an FFWD o r  G%IM and FFWD se t -up .  
Card Card Decimal Variable  
Number Column Required Name 
1 1-4 FFWD 
Descript ion 
2 1-80 Any d e s i r e d   t i t l e   i n f o r m a t i o n .  
3 1-7 YES A J 1  Wing input  code. 
0.  = Ignore wing d e f i n i t i o n .  
1. = Include wing d e f i n i t i o n .  
3 8-14 YES AJ2 Fuselage  input  code. 
0. = Ignore  fuse lage  def in i t ion .  
1. = Inc lude  fuse l age  de f in i t i on .  
3 15-21 YES AJ3 Nacelle  input  code 
0. = Ignore  nace l l e  de f in i t i ons .  
1. = Inc lude  nace l l e  de f in i t i ons .  
3 22-28 YES AJ4 Fin  input  code.
0. = I g n o r e  f i n  d e f i n i t i o n s .  
1. = I n c l u d e  f i n  d e f i n i t i o n s .  
3 29-35 YES AJ5 Canard (or hor izonta l  t a i l )  input  code. 
0.  = I g n o r e  c a n a d  d e f i n i t i o n s .  
1. = Include canard def ini t ions.  
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Case Cards 
Cards  4 i n p u t  a series of cases of d i f f e r e n t  Mach number, c u t  or 
t h e t a  v a r i a b l s s ,   a n d / o r   f u s e l a g e   r s t r a i n t s ,  The  s o l u t i o n  is 
perfcrmed w i t h  the f u s e l a g e  2 s  input, and also for an  optimum 
f u s e l a g e  shape  (subject to restraint points a t  which t h e  f u s e l a g e  
s h a g €  must be a s  inpu? ) .  I f  no  f u s e l a g e   r e s t r a i n t  i s  s p e c i f i e d  
(NREST = 0.)  , one will h e  assumed at t h e  s t a t i o n  of maximum 
overall a r e a .  Do n o t   i r , p u t   r e s t r a i n t   s t a t i o n s  a t  nose or a f t  end 
of f u s e l a g e  ( t h o s e  a re  a u t o m a t i c a l l y   a s s u m e d ) .  I f  NHEST>O., a 
r e s t r a i n t   c a r d  (card 5) will f o l l o w   t h e  case card, a n d   t h a t  
r e s t r a i n t   c o n d i t i o n  w i l l  a p p l y   f o r  subseque r , t  c a s e s   i f  NFEST i s  


























Descr ipt ion 
Case i d e n t i f i c a t i o n   ( r i g h t -   j u s t i f i e d )  
Mach number 
Number of  e q u a l  i n t e r v a l s  i n t o  which t h e  
portion of the X-axis,  XA t o  XB for  each  
roll ang le ,  is t o  be  divided. NX 100. 
and an even number. 
Number of e q u a l  i n t e r v a l s  i n t o  which t h e  
domain of t h e t a  (-90° t o  90G) is t o  be 
d iv ided ,  NTHETA 36. , and a mult iple  
of 4. If t h e  area d i s t r i b u t i o n  a t  -90° 
only is des i r ed ,  i npu t  NTHETA = 1. 
Number of X s t a t i o n s  f o r  f u s e l a g e  
r e s t r a i n t  p o i n t s  (=IO.), used f o r  a l l  
subsequent cases i f  NREST does not 
change. 
If NREST = O . ,  program assumes r e s t r a i n t  
po in ts  a t  nose,  base,  and s t a t i o n  of 
maximum ove ra l l  a r ea .  
Array of  fuselage s ta t ions,  ( including 
nose and base) a t  which computed minimum 
drag curve w i l l  be r e s t r a i n e d  t o  i n p u t  
a r e a .  
.Note:  Repeat  card 4 for   each  new case.  Only 1 card 5 
may b e  i n p u t ,  a f t e r  first card 4 with NREST # 0. 
1-3 END 
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4.6 Near-Field Wave Crag  Program 
Codes  on card 3 c o n t r o l  i n c l u s i o n  of basic geomet ry   a s   r eques t ed .  
Two o p t i o n s   a r e   p r o v i d e d   f o r   f a i r i n g  the wing s e c t i o n   s h a p e  a t  a 
g i v e n   s p a n w i s e   s t a t i o n :   l i n e a r  or second order, c o n t r o l l e d  by 
TNOPCT on card 4- 
The code ANYBOD (on c a r d  5) i d e n t i f i e s  t h e  s p a n   s t a t i o n  of t h e  
inboard   end   of   the   wing  for c a l c u l a t i n g   w i n g   t h i c k n e s s   p r e s s u r e s  
and  wave d rag .  This is  t h e  y v a l u e  of the wing- fuse l age  
i n t e r s e c t i o n  i f  there is a f u s e l a g e .  
Card Card Decimal Variable  
Number Column Required Name 
1 1-4 NFLII 
Descr ipt ion 
2 1-72 Any desired TITLE information.  
3 1-7 YES AJ2 Fuselage  input code. 
0.  = Ignore  fuse l age  de f in i t i on .  
1. = Inc lude  , fu se l age  de f in i t i on .  
3 8- 14 YES A 53 Nacelle  input  od .  
0 .  = Ignore  nace l l e  de f in i t i ons .  
1. = Inc lude  nace l l e  de f in i t i ons .  
3 15-21 YES A J4 Fin  input  code 
0 .  = I g n o r e  f i n  d e f i n i t i o n s .  
1. = I n c l u d e  f i n  d e f i n i t i o n s .  
3 22-28 YES A 55 Canard input  code 
0 .  = Ignore  canard  def in i t ions .  
1. = Inc lude  canard  def in i t ions .  
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Card Card Decimal Variable  
Number Column Required Name 
4 1-7 YES TNOPCT Fair ing  code,  
Descr ip t ion  
-1. = Linear  chordwise fair ing,  
0. = Second o r d e r  f a i r i n g .  
4 8-14 YES XM Basic Mach number f o r   t h i s   c a s e .  
4 15-21 YES TNOM Number of   addi t iona l  Mach numbers. 
TNOM 4 5. 
4 22-28 YES D ONT Wing da ta   p r in tout   c de .  
0 .  = Minimal p r i n t o u t .  
2 .  = Thickness  pressure  coef f ic ien ts  a t  
each  gr id  e lement  in  the  wing 
c a l c u l a t i o n s  will be  pr in ted .  
101. = Veloc i ty  po ten t i a l  w i l l  a l s o  b e  
p r in t ed .  
4 29-35 YES TNON Number of  semi-span  element  rows i n  
wing c a l c u l a t i o n s ,  TNON 6 40. 
If blank ,  TNON s e t  t o  40.  
4 36-42 YES TJBYMX Number of  spanwise s t a t i o n s  a t  which 
wing th i ckness  p re s su res  a re  ca l cu la t ed .  
TJBYMX 24. Leave  blank i f  TNON not  
s p e c i f i e d .  
4 43-49 YES TNCUT Number of  body s t a t i o n s  a t  which 
p res su re  coe f f i c i en t s  are ca lcu la ted  
(‘-60). If blank ,  TNCUT s e t  t o  50. 
5 1-7 YES ANYBOD Wing Y dimension a t  inboard  edge. If 
negat ive ,  program will s o l v e  f o r  wing- 
f u s e l a g e  i n t e r s e c t i o n .  
5 8-14 YES WRAP Nacel le   p ressure  f i ld   code .
-1. = Wrap s o l u t i o n  f o r  n a c e l i e  
p r e s s u r e  f i e l d  is d e s i r e d .  
1. = Glance solution is performed. 
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CaXd C a d  Decimal Variable  
Number Column Required Name Descr ip t ion  
5 15-21 YES D LT2 In te r fe rence   p r in tout   code .  
-1. = Summary table pr in tout  on ly .  
1. = Details of nace l le / fuse lage  
in t e r f e rence  ca l cu la t ions  w i l l  be 
p r in t ed  . - 
5 22-28 YES BCUT Number of   d iv is ions   f   nace l les   used   to  
de f ine  nace l l e  p re s su res  and Whitham 
F(Y) func t ion .  BCUT 6 40. If blank ,  
BCUT s e t  t o  40. 
6 1-35 YES TXM Array  of   addi t ional  Mach numbers, 
Solu t ion  w i l l  be performed for these 
Mach numbers af ter  t h e  s o l u t i o n  f o r  XM. 
Note:  There w i l l  be a t o t a l  of TNOM va lues  on t h e  c a r d .  
O m i t  t h i s  c a r d  i f  TNOM = 0.  
7 1-70 YES TYB2 Array  of  semi-span values  of  element 
row a t  which wing th ickness  pressures  
are ca l cu la t ed .  
Note:  These  values  should  be whole  numbers beginning 
with 0 .  and ending with TNON. 
Up t o  t e n  v a l u e s  p e r  c a r d .  Up t o  t h r e e  c a r d s .  
O m i t  these  cards  if TJBYMX was not  spec i f ied .  
a 1-3 END 
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4 .7  Wing Desigr?. Program 
T h e   K i n g   d e s i g n   p r o g r a m   p r i n c i p a l l y   r e q u i r e s  a wing p lan fo rm 
( s u p F l i e d  f r o =  t h e  b a s i c  g e o m e t r y ) ,  a d e s c r i p t i o n  of t h e  l o a d i n g s  
t o  be used  i n  o p t i m i z i n g  t h e  w i n g  s h a F e ,  a n d  s F e c i f i c a t i o n  of t h e  
d e s i g n  p o i n t  aEd c o n s t r a i n t s  t o  be a p p l i e d  t o  thz s o l u t i o n .  
Punch a l l  d a t a ,  w i t h  d e c i m a l s ,  t o  t h e  l e f t  i n  t h e  card c o l u m s  (10  
f i e l d  -7 d i g i t  f o r m a t ) .  
D e f a u l t   o p t i o n s  are p rov ided  t o  help keeF  i r?put  simple. These 




This is tho number of loadings t o  be used  
i n  f i n d i n g  a n  optimum l o a d i n g  c o m b i n a t i o n .  
If i n p u t  as a p o s i t i v e  Rumher, t h e  s p e c i f i e d  
riumber of   1oa.dings w i l l  be t a k e n ,  in o r d e r ,  
from t h e  table  on  page 73. (A n e g a t i v e  s i g n  
r e q u i r e s  the u s e r  t o  l i s t  the  load ing  numbers  
to be used . )  
T h i s  is t h e  number of p e r c e n t  c h o r d s  u s e d  i n  
p r i n t i n g   t h e   c a m b e r   s u r f a c e   o u t p u t .  If 
blark,  s t a n d a r d   p e r c e n t   c h o r d s  are  
used .  
S t a n d a r d  s e m i - s p a n  s t a t . i o n s  a r e  p r o v i d e d  i f  
TJBYMX = 0. 
I f  program o p t i o n s  a r e  used  t h a t  r e q u i r e  w i n g  t h i c k n e s s  p r e s s u r e s ,  
nace l le  buoyancy   f i e ld ,   fu se l age   upwash   l oad ing ,  or asymmetr ic  
f u s e l a g e  l o a d i n g ,  it i s  n e c e s s a r y  t o  h a v e  p r e v i o u s l y  r u n  t h e  n e a r -  
f i e l d  wave d r a g  o r  lift a n a l y s i s   p r o g r a m s  t o  l o a d  the proper 
tables. T h i s  i s  done a s   f o l l o w s :  
0 Nacelle buoyancy May be c a l c u l a t e d  by e i t h e r   w i n g  
l o a d i n g   a n a l y s i s   p r o g r a m   r   n e a r - f i e l d wave 
drag  program.  
* Wing ' h i c k n e s s   o b t a i n e d  from n e a r - f i e l d  wave d r a g  
Fressures   p rogram,  
0 Fuselage  upwash Ob ta ined  by  runn ing  l i f t  a n a l y s i s  
l o a d i n g  program with wing sloFes z e r o e d  
(WHUP = 1 .O) . 
0 Asymmetric  0bt.ained  from l i f t   a n a l y s i s   p r o g r a m  
f u s e l a g e   l o a d i n g   w i t h  SYMM # 1.0. 
The most e f f i c i e n t  way t o  o b t a i n  all of the c o n f i g u r a t i o n  
dependen t  data  is t o  f i r s t  r u n  t h e  n e a r - f i e l d  wave drag  program, 
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Proportional to x, the distance from the leading edge 
Proportional to y, the distance from the  wing  centerline 
Proportional to y 2 
Proportional to  x 2 
Proportional to x(c - x), where c is local  chord 
Proportional to x (1.5 c -x) 
Proportional to 2 (1 + 15 
Proportional to (1.05 c-x) ' .~ 
Elliptical spanwise, proportional to d% 
Proportional to x, the distance from the leading edge of an 
arbitrarily  defined region 
A camber-induced loading  proportional  to  the  body bouyancy 
loading 
A camber-induced loading  proportional to the body upwash loading 
A camber-induced loading proportional to the nacelltr I~uyer lcy  
loading 
The body  bouyancy  loading 
The body upwash loading 




w i t h o u t  nacelles, t o  ge t  t h e  wing   t h i ckness   p re s su res .   Then   run  
the l i f t  a n a l y s i s  p r o g r a m ,  w i t h  n a c e l l e s ,  a n d  w i t h  t h e  zero slope 
o p t i o n  ( W W P  = 1.0) and a s y m m e t r i c  f u s e l a g e  option (SYMM # O , )  . 
T h e   f u s e l a g e  upwash l o a d i n g  w i l l  .be t h a t   o b t a i n e d   w i t h   t h e  
f u s e l a g e  a t  t h e  s p e c i f i e d  i n c i d e n c e .  If t h e  upwash f i e l d s  
c o r r e s p o n d i n g  to a series ' of f u s e l a g e   a n g l e s  of a t t a c k  are 
d e s i r e d ,  it w i l l  be n e c e s s a r y  t o  r e r u n  t h e  l i f t  a n a l y s i s   p r o g r a m  
to produce   each   upwash   pressure   loading ,  Notice t h a t  t h e  f u s e l a g e  
a n g l e  of a t t a c k  i n  b o t h  t h e  lift a n a l y s i s  a n d  wing des ign  p rograms  
c a n  be d i f f e r e n t -  f r o m  t h e  i n c i d e n c e  i n  t h e  basic geometry,  I n  t h e  
wing   des ign   program,   angle  of a t t a c k  is i n p u t   o n  card 3 .  I n   t h e  
l i f t   a n a l y s i s  program,  angle  of a t t a c k  i s  i n p u t  on c a r d  2 4  a s  a 
s p e c i a l  case o f   p r e s s u r e   l i m i t i n g   o p t i o n   ( r e q u i r e s  F L I M I F l . 0  on  
card 4 ,  a p p r o p r i a t e  v a l u e  of VACFR o n  c a r d  2 3 )  . 
The  number o f  elemefits i n  t h e  w i n g   g r i d   s y s t e m  i s  c o n t r o l l e d   b y  
i n p u t  T N 0 N  (normal ly  se t  a t  40.). Depending uFon t h e  Mach number 
and  planform, some program  dimension limits may be exceeded with 
TNQIN = 40. I f  t h i s   o c c u r s ,   t h e   p r o g r a m  solves f o r   t h e   a l l o w a b l e  
TNBN, p r i n t s  it, a n d   s t o p s  the d e s i g n  case, It is  t h e n   n e c e s s a r y  
f o r  t h e  u s e r   t o   r e d u c e  TNBN and  t h e  a s s o c i a t e d  camber l i n e  
v a r i a b l e s  TJBYMX and TJBYS. 
**CAUTION** 
The   loading   op t ions   mus t   be   used  w i . t h  some care, Loadings 12-14  
c a n n o t   b e   u s e d   w i t h o u t   a l s o   u s i n g   l o a d i n g s  15-17. Loading 1 1  
c a n n o t  be u s e d   w i t h o u t   s p e c i f y i n g  a c o r r e s p o n d i n g   p l a n f o r m   r e g i o n  
(ANOARB>O). If a l l   l o a d i n g s  a re  r e q u e s t e d ,  the r e s u l t a n t  optimum 
combina t ion  of load ings   ( and  camber s h a p e )  may be p h y s i c a l l y  
u n r e a l i s t i c   i f  no  c o n s t r a i n t s   o n   u p p e r   s u f a c e   p r s s u r e  
c o e f f i c i z n t  a r e  imposed. 
I f  t h e  f u s e l a g e  i s  i n c l u d e d  i n  t h e  s o l u t i o n ,  it w i l l  be n e c e s s a r y  
t o  also use  z c o n s t r a i n t s   a t   t h e   s i d e   o f   u s e l a g e   s t a t i o n  to 
o b t a i n  a d i r e c t l y   u s a b l e  camber s u r f a c e   s h a p e   a n d  a v a l i d   d r a g  
i n t e g r a t i o n .  
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Caxd Card Decimal Variable  
Number Column Required Name 
Descript ion 
1 1-4 WDEZ 
2 1-70 Any des i r ed  TITLE information 
3 1-7 YES TNON Numbers of  semispan  elements i n  wing 
gr id   system.  2 .  TNON 6 50. 





8-14 YES TJBYMX Number of   semispan  s ta t ions a t  which 
camber surface is ca lcu la ted .  
2.  4 TJBYMX 25. 
15-21 YES TIFAF F la t   p e   c l cu la t ion   code  
-1. = Use data  f rom previous case.  
0 .  = F l a t  p l a t e  c a l c u l a t i o n  will be 
1. = F l a t  p l a t e  d a t a  w i l l  be input 
made. 
on card 9. 
22-28 YES A J1 Fuselage  inputcod  
0.  = Ignore  fuse l age  de f in i t i on  
1. = Include fuselage 
29-35 YES YS OB Y value  of  wing-fuselage  intersection 
36-42 YES ALPB Fuselage  angle G f  a t t ack ,   deg .  
( r e l a t i v e  t o  a t t i t u d e  i n  b a s i c  g e o m e t r y ) .  
1-7 YE3 APRINT Printed  ou put  code. 
-2. = Summary output  pr in ted .  
-1. = Inpu t  da t a  ( excep t  l a rge  t ab le s )  
and summary output  pr inted.  
0. = Input  da ta ,  ou tput  summary and 
camber shapes a t  des ign  condi t ion ,  
i f  reques ted ,  a r e  prin-bed. 
1. = Same as APRINT = O . ,  p lus  some 
d i a g n o s t i c   d a t a .  
2. = A l l  i npu t ,  ou tpu t  and d i agnos t i c  
da t a  p r in t ed .  
7s 
Cad Card Decimal Variable 
Number Column R e q u i r e d  Name 
Descr ip t ion  
4 8-14 YES SMOOTH Code to  de ermine  smoothing  procedure 
a p p l i e d  t o  camber surface long i tud ina l  
s lope  a t  each  span  s ta t ion .  
0 .  = No smoothing performed. 
1. = Smooth-as-you-go technique used. 
3. = Three point smoothing technique 
used. 
4 15-21 YES RESTART Code t o   d e t e r m i n e   d i s p o s i t i o n  of f o r c e  
and moment c o e f f i c i e n t s  f o r  component 
and in t e r f e rence  load ings .  
-1. = Data from previous case will be 
used. 
f o r  us e i n   c u r r e n t   c a s e  and 
subsequent cases.  
1. = Data w i l l  be  ca lcu la ted ,  and  a l so  
punched on cards .  
2 .  = Data are  read from card sets  18 
and 19. 
3 .  = Data are  read from tape 3 
( w r i t t e n  by previous case) 
0.  = Data w i l l  be  ca lcu la ted  by program 
Note: See page 35 f o r  RESTART discussion. 
4 22-28 YES YSNOOT Y v a l u e   f o rp a r a b o l i c   a p e x   t a n g e n t   t o  
wing leading  edge.  (Leave  blank i f  not  
used.)  
5 1-7 YES XM Basic Mach number 
5 8- 14 YES CMO Design  value  of pitching moment 
c o e f f i c i e n t  a t  zero  l i f t ,  
5 15-21 YES CLDZIN Value  of design l i f t  coef:Bicient. 
If b lank  or  zero ,  C L D Z I N  s e t   t o  1.0. 












Decimal Variable  







Descr ip t ion  
Number of loadings t o   b e  combined 
2. TLOADS 4 17. 
TLOADS < 0. = Loading numbers will be 
input  on ca rd ( s )  30. Loading  numbers 
w i l l  be  taken from table  on page 73. 
TLOADS > 0 .  = Loadings will be i n   t h e  
order  tabula ted  on page 73-  
E.g . ,  i f  TLOADS = 3.0 ,  first 3 loadings 
from page 7'3 will be used. 
Number of chordwise loca t ions  a t  which 
camber o rd ina te s  w i l l  be  pr in ted ,  
corresponding t o  o p t i o n s  s e l e c t e d  on 
card 7. (XOCNUM) f. 20. 
0.  = Defaul t  locat ions of  O . ,  5 . ,  lo., 
20.  , 30. , . . . 90. , 100. are used . 
O m i t  card 11. 
w i l l  be  input  (card 11). 
+ = Values i n  p e r c e n t  of local  chord 
Numbers of po in t s  on cards  12 and 13 
used t o   d e f i n e .   t h e   a r b i t r a r y   r e g i o n  of 
t h e  wing planform fo r  l oad ing  number 11. 
ANOARB 20. If b lank ,   cards   12  and 13 
not  read ,  
Number of  chordwise loca t ions  (card  s e t  
14) used t o  s p e c i f y  wing upper su r face  
l imi t ing   p re s su res ,  AXCPLIM '15. 
" - Use values  from  previous case i f  
/AXCPLIM/ same as previous case.  
0 .  = Card s e t s  14, 15 and 16 no t  r ead .  
+. = Card s e t  14, 15 and 16 are r ead .  
Number of spanwise s t a t i o n s  ( c a r d  s e t  
16) used t o  s p e c i f y  wing upper s u r f a c e  
l imi t ing   p re s su res .  Needed. only i f  
AXCPLIM > 0 .  AYCPLIM 4 15. 
Code t o  r e q u e s t  u s e  of  wing th ickness  
p re s su res  in  p re s su re  l imi t ing  
e ca lcu la t ions .  
0 ,  = Wing th ickness  pressures  not  used, 
1. = Wing thickness  pressures  used.  
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Solu t ion  and Constraint  Options 
Card 7 conta ins  four  inputs  which c o n t r o l  t h e  e x t e n t  of t h e  s o l u t i o n  and t h e  
c o n s t r a i n t s  t o  be appl ied.  Each of t h e  4 inpu t s  may t ake  on 4 d i f f e r e n t  
va lues ,  as fo l lows:  
0.  No so lu t ion   of  this type   des i r ed .  
1. C a l c u l a t e   p r e s s u r e   d i s t r i b u t i o n ,   d r a g ,  and p i t ch ing  moment f o r  
optimum combination of loadings, 
2. Same as 1, p l u s   a l s o   c a l c u l a t e   t h e  wing s h a p e   r e q u i r e d   t o  
suppor t  the  optimum p r e s s u r e  d i s t r i b u t i o n ,  
3. Same as 2 ,   p l u s   a l s o  punch t h e  wing shape on cards. Order is 
pe rcen t  chords  fo r  o rd ina te s ,  pe rcen t  span  s t a t ions ,  and then  
the   o rd ina tes   in   percent   chord .   10F7.3   format .  (May be  input  
d i r e c t l y   i n t o  wing a n a l y s i s  program with TIFZC = 1 . 0 ) .  
Card Card Decimal Variable  
Number Column Required Name 
Descript ion 
7 1-7 YES CONSTR(1) Obta in   so lu t ion   for  minimum drag  with 
7 8-14 YES CONSTR(2) Obta in   so lu t ion   wi th   cons t ra in ts  on 
cons t r a in t  on CL only.  
CL and Cmo ( r equ i r e s  Cmo va lue  on 
card 5) .  
7 15-21 YES CONSTR(3) Obta in   so lu t ion   wi th  cons t ra in t  on CL 
and p res su re  l imi t ing  on wing upper 
su r face .  
7 22-28 YES CONSTR(4) Obta in   so lu t ion   wi th  cons t ra in t  on CL 
and C,,, p lu s  p re s su re  l imi t ing  on 
wing upper surface.  
7 29-35 YES AN2 Number of 2 cons t r a in t   l oca t ions  (65). 
. 
78 
C a d  Card Decimal Variable  
Number Column Required Name 
Descript ion 
7A 1-35 YES X Z C ~ N  X l oca t ion  of z cons t r a in t  
7B 1-35 YES YZCdN Y l o c a t i o n  of Z c o n s t r a i n t  
7c 1-35 YES ZC @N Z va lues  a t  XZC@N and YZC@N. 
8 1-70 YES TJBYS Array  of semispan s t a t i o n s  a t  which t h e  
camber su r face  is ca l cu la t ed .  
Note: Up to  t en  va lues  pe r  ca rd .  The re  w i l l  be a t o t a l  of 
TJBYMX whole numbers which must begin with 0 .0  and end 
with TNON. If TJBYNX was b lank ,  the  fo l lowing  23 va lues  
a re  used: O . ,  I., 2 . ,  4 . ,  5., 6., 8 . ,  lo., 1 2 . ,  14., 
16., ..., 38., 40. O m i t  c a rds ( s )  8 i f  TJBYMX = 0 .  
9 1-7 YES XF Wing aerodynamic center  f ract ion.  
9 8-14 YES SCL9 F l a t  wing l i f t - cu rve  s lope  (pe r  deg ree ) ,  
based on t h e  r e f e r e n c e  a r e a  f o r  f o r c e  
and moment c o e f f i c i e n t s ,  
9 15-21 YES KF F l a t  wing l i f t -dependen t  d rag  f ac to r .  
9 22-28 YES AREA9 Flanform area  in  program u n i t s .  
9 29-35 FACTOR Gross wing area / re ference  area. 
Note: O m i t  t h i s   c a r d  i f  TIFAF (card 4) 0. 
The data on card 9 would normally be calculated by a 
previous run of t h e  same planform a t  t h e  same Mach number. 
10 1-70 YES TLOAD Loading  numbers f o r   u s e   i n p r e s s u r e  
opt imiza t ion ,   In teger  numbers  from 
1.0 t o  1 7 . 0 ,  TLOADS (see card 5) i n  
number,  and i n  a r b i t r a r y  o r d e r .  Up t o  
10 va lues  per  card .  O f i t  card (s) 10 if 
TLOADS > 0.  
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Card Card Decimal Variable  
Number Co,lumn Required Name 
Descript ion 
11 1-70 YES TPCT Array  of X/C (percent   of   local   hord)  
values  will be  in te rpola ted  a t  each 
span  s t a t ion .  
O m i t  c a rd ( s )  11 i f  XOCNUM = 0. 
12  1-70 YES YARB Array of Y coordinates  which de f ine   a  
a rb i t r a ry   p l an fo rm  r eg ion   fo r   l oad ing  
number 11. 
Note: Up to   t en   va lues   pe r   ca rd .  Up t o  two cards .  
There w i l l  be a t o t a l  of ANOARB va lues .  
If ANOARB (card 5) is blank,  omit  card set  12.  
13 1-70 YES XARB Array  of X coordinates  which de f ine   a  
a rb i t r a ry  p l an fo rm reg ion  fo r  l oad ing  
number 11. 
Note: Up to   t en   va lues   pe r   ca rd .  Up t o  two cards .  
There will be a t o t a l  of ANOARB va lues .  
If ANOARB (card 5) is blank,  omit  card set  13. 
14 1-70 YES XCPLIM Array  of chordwise  locations  (percent of 
local chord) used t o  d e f i n e  t h e  wing 
upper  sur face  l imi t ing  pressure  
c o e f f i c i e n t .  Needed i f  CONSTR(3) o r  (4) 
is f 0 on card 7. 
Note: Up to  t en  va lues  pe r  ca rd .  
There will be a t o t a l  of AXCPLIM va lues  s t a r t i ng  wi th  0 .  
and  ending  with 100. If AXCPLIM is no t  pos i t i ve ,  omit  card 
s e t  14. 
15 1-70 YES YCPLIM Array  of spanwise  locations  (percent o r  
semispan) used t o  d e f i n e  t h e  wing upper 
su r face  l imi t ing  p res su re  coe f f i c i en t ,  
Note: Up t o  ten values  per  card.  
There w i l l  be a t o t a l  of AYCPLIM v a l u e s  s t a r t i n g  
with 0 .  and ending with 100. 
If AXCPLIM is not  pos i t ive ,  omi t  card  se t  15. 
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CaXd C a r d  Decimal Varriable 
Number Column Required Name 
Descript ion 
16 1-70 YES CPLIMIT Array   of   l imi t ing   pressure   coef f ic ien ts  
on t h e  wing upper  surface.  A l l  
c o e f f i c i e n t s  at a given semispan are 
i n p u t  i n  t h e  same order  as XCPLIM, 
Begin each semispan s e t  on a new card 
and i n  t h e  same order  as YCPLIM. 
Note: Up to  t en  va lues  pe r  ca rd .  
There will b e  a t o t a l  of AXCPLIM X AYCPLIM values .  
If AXCPLIM i s  no t  pos i t i ve ,  omit  c a r d  s e t  16. 
17 1-70 YES CPGRAD Array of l imi t ing   upper   sur face   p ressure  
g rad ien t s  (dCp/dx).  Input a t  same X and 
Y s t a t i o n s  as C'PLIMIT, i n  same order .  
*18 1-80 TITLE T i t l e   c a r d  of RESTART data. 
"19 1-80 RESTRT Array of f o r c e  and moment c o e f f i c i e n t s  
f o r  component  and in te r fe rence  loading ,  
as punched from a p rev ious  run ,  fo r  
r e s t a r t i n g  program execution. 
Note: O m i t  cards 18-19 i f  RESTART (card 4) is not  equal  to  2.0. 
20 1-3 END 
T h e  r e s t a s t  c a r d  s e t s  18-19 a re  p r in t ed  on t h e  Output f i l e  and i d e n t i f i e d  
by the  s ta tement :  RESTART DATA PUNCHED, DECK IMAGE FOLLOWS. 
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4.8  Lift Analys i s   P rogram 
Codes o n   c a r d s  3 and 4 c o n t r o l  the inclusion of basic geometry 
d a t a  as r e q u e s t e d .  Input is i n  70 f i e l d  -7 d i g i t  format .  
Note t h a t  the wing camber  sur face  may be d e f i n e d  i n  several ways, 
c o n t r o l l e d  b y  i n p u t  TIFZC o n  c a r d  4: 
”” TIFZC 
0. o r  1. I n p u t  to l i f t   a n a l y s i s  Frogram on c a r d s  
2 F l a t  wing (Z = 0 everywhere)  
3 .  As def ined  by wing  des ign  Frogram {which 
must have  been r u n  p r e v i c u s l y ) .  
4. A s  defined i n   b a s i c   g e o m e t r y .  
The wing c a m b e r   s u r f a c e   i n p u t  t o  t h e  l i f t  a n a l y s i s   p r o g r a m  w i l l  
a u t o m a t i c a l l y  be u s e d  t o  u p d a t e  the b a s i c   g e c m e t r y   d e f i n i t i o n   i f  
T I F Z C  = 0. or  1 . 
B y  d e f i n i t i o n ,  a car .ard i s  r e q u i r e d  to be l o c a t e d   f o r w a r d  of the  
wing,  and a ho r i zon t , a l  t a i l  a f t  of t h e  wing. One each  is allowsd, 
and  t h e y  may b o t h  be input .  a t  t h e  same time. Both are assumed t o  
be mcunted on  t h e  f u s e l a g e .  
The f u s e l a g e   d e f i n i t i o n  ( i R  basic  geometry)  canno t   have  
d i s c o n t i n u i t i e s  i n  z (meanl ine  shape)   between  seqments ,  when used  
i n  t h e  l i f t  a n a l y s i s  p r o g r a m .  
The downwash shift options (for canard and hing downwash) a r e  
c o n t r o l l e d  by i n p u t s   o nc a r d  6 .  If t h e  s h i f t  c o d e s  a r e  l e f t  
b l a n k ,  t.he downwash w i l l  be s h i f t e d  a c c o r d i n g  t o  the r e s p e c t i v e  
s i d e - c f - f u s e l a g e  s t a t i o n s  of canard,   wing  and t a i l .  
I f  the p r e s s u r e  l i x i t i n g  f e a t u r e  ( c o n t r o l l e d  ]cy FLIMIT o n   c a r d  4 )  
is used, it requires t h e  w i R g  t h i c k n e s s  pressures f rom the n e a r -  
f i e l d  wave drag program,  which  must  have been r u n   p r e v i o u s l y   a t  
t h e  same Mach number. 
A l l  a n g l e s  a r e  i n p u t  t o  t h e  program i n  d e g r e e s .  
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C a r d  Card Decimal Variable  
Number Column R e q u i r e d  Name 
1 1-4 
2 1-70 
3 1-7 YES 
3 8-14 YES 
AJ2 
A J 3  
3 15-21 YES 
3 22-28 YES 
4 1-7 YES 
4 8-14 YES 
4 15-21 YES 
AJ5 
Descr ip t ion  
ANLZ 
Any desired TITLE information. 
Fuselage input code. 
0. = Ignore  fuse l age  de f in i t i on .  
1. = Inc lude  fuse l age  de f in i t i on .  
Nacelle input code, 
0.  = Ignore  nace l l e  de f in i t i ons .  
1. = Inc lude  nace l l e  de f in i t i ons .  
Canard input code. 
0 .  = Ignore canard def ini t ion.  
1. = Inc lude  canard  def in i t ion .  
Horizontal  t a i l  input code. 
0. = Ignore  hor izonta l  t a i l  d e f i n i t i o n .  
1. = Inc lude  hor izonta l  t a i l  d e f i n i t i o n  
TJBYMX Number of   spanwise   s ta t ions   def in ing  
camber sur face .  TJBYMX 2 5 .  
TNOPCT Number of  percent  chords  defining  each 
spanwise   s ta t ion .  TNOPCT 6 20. 
TIFZC Code f o r  camber sur face   o rd ina te .  
0 .  = Z is inpu t .  
1. = Z/C (percent)  is i npu t .  
2.  = F l a t  wing opt ion  ( Z  = 0 ) .  
3. = Camber surface is d e f i n e d  i n  
4. = Use d e f i n i t i o n  c o n t a i n e d  i n  b a s i c  
common block /CAMBER/. 
geometry. 
Note: If TIFZC is 2 . ,  3.,  o r  4 . ,  i npu t s  TJBYMX, TNOPCT,  PCT, 







Number Descr ip t ion  
4 22-28 YES TNOM Number of Mach numbers i n   a d d i t i o n   t o  
basic Mach number XM. TNOM C 5. 
4 29-35 YES F'NON Number of semi-span rows i n  wing grid 
system. FNON 6 40. If l e f t  b l a n k ,  w i l l  
be s e t  t o  40. 
4 36-42 YES FLIMIT Limit ing pressure feature  code.  
0. = feature no t   des i r ed .  
FLIMIT = number of conf igura t ion  angles  
of a t t a c k  f o r  s o l u t i o n  u s i n g  p r e s s u r e  





Number of t r a i l i n g  edge f l a p s  on r i g h t  
hand wing, TNFLAF C 5. 
Number of va lues  ( Y  i n  p e r c e n t ,  and 
a n g l e )  t o  d e f i n e  wing twist. Re la t ive  
t o  i n p u t  wing shape. TNTWST 6 40. 
Number of canard angles of attack ( 5  5) .  






WRAF Code f o r  n a c e l l e  p r e s s u r e  f i e l d  s o l u t i o n  
-1. = wrap 
1. = glance 
5 29-35 YES OXML Mach number input  code  for  nace l le  
p r e s s u r e  f i e l d  c a l c u l a t i o n s .  
0 .  = Free stream Mach number used. 
1. = Mach number input  on card 19. 
36-42 YES 5 DLT2 N a c e l l e  p r e s s u r e  f i e l d  c a l c u l a t i o n  
printout code. 
-1. = summary only 
1. = d e t a i l e d  p r i n t o u t  
43-49 YES 5 BCUT Number of cu t s  u sed  to  de f ine  p re s su re  
s igna ture   f rom  nace l les .  If blank,  will 
be s e t  to 40. BCUT f. 40. 
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CaXd Caxd Decimal Var iab le  
Number Column Required Name 
Descr ip t ion  
6 1-7 YES ANYBOD Wing/fuselage  intersection Y value.  If 
negat ive ,   so lve  f o r  i n t e r s e c t i o n .  If 
ANYBOD = -10.0, i n t e r s e c t i o n  w i l l  be 
input  on Card S e t s  14-16. 
6 8- 14 YES 
6 15-21. YES 
6 22-28 YES 
6 29-35 YES 
6 '36-42 YES 
6 43-49 YES 
THAL?? Number of   hor izonta l  t a i l  angles  of 
a t t a c k .  THALP 6 10. Not requi red  i f  
AJ7 = 0. 
SYMM Asymmetric  body  volume te rm  ca lcu la t ion  
code. 
0 .  = Do no t  ca l cu la t e  
1. = Calcula te  
2. = Calcu la t e  u s ing  a rea  d i s t r ibu t ion  
input  on Card Se t s  17 and 18. 




0 .  = Use 9 term smoothing 
1. = Use smoothing-as-computed pressure 
ca l cu la t ion .  
Wing s l o p e  c o n t r o l  c d e .  
0.  = Wing slopes calculated from input  
1. = Wing s lopes  = 0. (used   for   fuse lage  . camber su r face .  
upwash f i e l d )  , 
Wing downwash s h i f t ,  code 
0 .  = S h i f t  a c c o r d i n g  t o  DYWH 
1. = No s h i f t  
S h i f t  of wing downwash at t a i l  
0.  = Use increment between 
s ide -o f - fuse l age  s t a t ions  of  wing 
and t a i l  
DYWH = Y shift increment (+ = outboard) 
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Number Column Required 































Descr ip t ion  
Canard downwash s h i f t  code 
0 .  = S h i f t  a c c o r d i n g  t o  DYCW and DYCH 
1. = No s h i f t  
S h i f t  of canard downwash a t  wing 
0. = Use increment between 
s i d e - o f - f u s e l a g e  s t a t i o n s  of 
canard and wing 
DYCW = Y sh i f t  i nc remen t  (+ = outboard) 
S h i f t  of canard downwash a t  ho r i zon ta l  
t a i l  
0.  = Use increment between inboard Y 
s t a t i o n s  of canard and t a i l  
DYCH = Y shift increment (+ = outboard) 
Basic  Mach number f o r  c a s e .  
S c a l e  f a c t o r  f o r  i n p u t  Z o rd ina te s .  If 
b lank ,  no scal ing performed.  
Number of l i f t  c o e f f i c i e n t s  i n p u t  f o r  
first Mach number (XM)  a t  which t h e  
combined f l a t  p l a t e  and camber pressure  
c o e f f i c i e n t s  w i l l  be computed. 
( C L I N ( ~ )  5. ) 
Same as CLIN(1)  for second Mach number 
( TMACH( 1) ) . 
Same as CLIN(1) b u t  f o r  t h i r d  Mach 
number (TMACH( 2) ) . 
Same as CLIN(1) b u t  f o r  f o u r t h  Mach 
number (TMACH( 3) ) . 
Same as CLIN(1)  b u t  f o r  f i f t h  Mach 
number ( TMACH( 4) ) . 
Same as CLIN(1)  b u t  f o r  s i x t h  Mach 
number (TMACH( 5) ) . 
Array of  addi t ional  Mach numbers f o r  
t h i s   c a s e .  TNOM va lues .  O m i t  t h i s   c a r d  
i f  TNOM = 0. 
Card Card Decimal Variable  
Number Column Required Name 
Descr ip t ion  
Wing Camber Surface  Def in i t ion  
Omit card se t s  9 ,  10 and 11 i f  TIFZC = 2. , 3.  , o r  4. 
9 1-70 YES TPCT Array  of ch d  pe centages a t  which Z 
(o r  Z/C) o rd ina te s  a re  inpu t  and 
p res su re  coe f f i c i en t s  a r e  evaluated and 
output .  
Note: Up t o  t e n  v a l u e s  p e r  c a r d .  Up t o  two ca rds ,  
There w i l l  be a t o t a l  of TNOPCT values from 
0 .  through 100. 
10 1-70 YES TI32  Array of semi-span  percentages a t  which 
Z ( o r  Z/C) o r d i n a t e s  a r e  i n p u t .  
Note: Up to   t en   va lues   pe r   ca rd .   The re  will be a 
t o t a l  of TJBYMX values from 0. through 100. 
11 1-70 YES w zom Array  of Z ( o r  Z/C) o rd ina tes  of t h e  
r i g h t  hand  wing  camber d e f i n i t i o n .  All 
ordina tes  a t  a given semi-span a re  inpu t  
i n  t h e  same order  as TPCT. Begin  each 
semi-span percent on a new card  and  in  
t h e  same order  as TYB2. 
Note : . Up t o   t e n   v a l u e s   p e r   c a r d ,  
There w i l l  be a t o t a l  of  TPCT x TYB2 values .  
Wing T w i s t  Def in i t i on  
O m i t  cards  12  and 13 i f  TNTWST = 0 .  
12 1-70 YES YTWIST Array of  semi-span  percentages a t  which 
wing twist angles  a r e  inpu t .  
Note: Up t o   t e n   v a l u e s   p e r   c a r d .  Up t o   f o u r   c a r d s .  TN'IWST va lues .  
13 1-70 YES ATWIST Array  of twist ang les ,   i n   deg rees . ,  
corresponding t o  YTWIST. A p o s i t i v e  
angle  means a n  i n c r e a s e  i n  l o c a l  a n g l e  
o f   a t t ack .   L inea r   i n t e rpo la t ion  is used 
f o r  p o i n t s  between inpu t  po in t s .  
Note: Up t o   t e n   v a l u e s   p e r   c a r d .  Up t o   f o u r   c a r d s .  TNTWST values .  
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Card Card Decimal Variable  
Number Colum Required Name 
Descript ion 
Wing-Fuselage I n t e r s e c t i o n  
O m i t  cards  14-16 i f  ANYBOD f -10. 
14 1-70 YES wx X values  
15 1-70 YES WY Y va lues  
16 1-70 YES WZ Z values  
* 
Input X a r r ay  de f in ing  wing- fuse l age  in t e r sec t ion ,  t hen  Y and Z. 
S t a r t  each  a r r ay  on a new card. Values a r e  input  a t  t he  pe rcen t  
chords of the camber su r face  de f in i t i on  (Card  9), o r  bas i c  
geometry  def in i t ion  ( i f  WZORD no t  i npu t ) .  
Asymmetric Fuselage Area Input 
O m i t  cards  17 and 18 i f  SYMM f 2.0 
17 1-70 YES AOVR above-wing area 
18 1-70 YES AUND under-wing area 
Input  area d i s t r i b u t i o n  above wing, then below, Start  each array 
on a new card,  Values  are  input  a t  the percent  chords of t h e  camber 
sur face  def in i t ion  (Card  9 ) ,  o r  bas ic  geometry  def in i t ion  ( i f  WZORD 
no t  i npu t ) .  
Al te rna te  Mach Nos,  For 
Nacel le  Pressure Field Calculat ions 
O m i t  card 19 i f  OXML = 0 .  
19 1-42 YES TMLOC Array  of  local Mach numbers f o r   n a c e l l e  
p r e s s u r e   f i e l d   c a l c u l a t i o n s .   F i r s t   v a l u e  
cor responds  to  XM, successive values  
correspond t o  TMACH ( i f  included) .  
Note: Up t o  s i x  v a l u e s  on the  ca rd .  
There will be a t o t a l  of TNOM + 1. values .  
Card Card Decimal Variable  
Number Column Required Name 
Descript ion 
Wing F lap   Def in i t i on  
O m i t  ca rds  20 i f  TNFLAF = 0. 
20 1-7 YES x1 Inboard X value  of f lap  le ding  edge.  
20 8-14 YES Y 1  Inboard Y va lue   o f f l ple d ing   edge .  
20 15-21 YES x0 Outboard X va lue   o f   f lapleading  ed e .  
20 22-28 YES YO Outboard Y va lue  of f lap   l ead ing   ed e .  
20 29-35 YES DEFLAP F l a p   d e f l e c t i o n   n   d e g r e e s .  A p o s i t i v e  
angle  means t h e  f l a p  t r a i l i n g  edge is 
de f l ec t ed  downward. 
Note:  There w i l l  be  a t o t a l  of TNFLAP ca rds ,  one f o r  e a c h  f l a p .  
21 1-35 YES TCA Array  of  canard  angles of a t t a c k .  A 
pos i t i ve  ang le  means the  l ead ing  edge 
is r o t a t e d  upward. 
Note:  There will be a t o t a l  of TNALP va lues  on the  ca rd .  
Omit t h i s  c a r d  i f  TNALP = 0 .  o r  AJ5 = 0 .  
22 1-63 YES THA Array  of  horizontal t a i l  angles  of 
a t t a c k .  A posi t iv .?   angle  means t h e  
leading edge is r o t a t e d  upward. 
Note:  There w i l l  be a t o t a l  of THALP va lues  on the  ca rd .  
O m i t  t h i s  c a r d  i f  THALP = 0. o r  AJ7 = 0 .  
23 1-7 YES VACFR Fraction  of vacuum pres su re   coe f f i c i en t  
f o r  p r e s s u r e  l i m i t i n g .  
24 1-35 YES TLALF Array  of & ' s  f o r   l i m i t i n g   p r e s s u r e  
c o e f f i c i e n t .  
Note:  There w i l l  be a t o t a l  of FLIMIT values  on the  card .  
O m i t  cards 23 and 24 i f  FLIMIT = 0.  
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CaXd Card Decimal Variable  
Number Column Required Name 
Descript ion 
25 1-35 YES CLINP Arrays  of l i f t  c o e f f i c i e n t s   f o r   t h e  
input  Mach numbers (XM and TMACH) a t  
which t h e  combined f l a t  p l a t e  and 
camber p r e s s u r e  c o e f f i c i e n t s  a r e  
computed . 
CL'S  f o r  each  Mach number begin on a 
new card.  
Note: Up t o   f i v e   v a l u e s   p e r   c a r d .  Up t o  s i x  c a r d s ,  
The number of va lues  on each card will correspond 
with CLIN(1)  on card 7.  
If CLIN(1)  = 0 ,  omi t  t he  I th  ca rd .  
For a new case ,  input  cards  2 through 25 at  t h i s  p l a c e  
i n   t h e   d a t a   d e c k ,  
26 1-3 END 
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5.0 TYPICAL CASE AND FROGIZAM OUTPLJT 
A t y F i c a l   d e s i g n   a n d  aflalysis c a s e j a n d   a s s o c i a t e d   p r o g r a m   o u t p u t  
a r e   F r e s e n t e d   i n  t h i s  s e c t i o n .   G i v e n  a c o n f i g u r a t i o n   c o n s i s t i n g  
of w i n g ,  f u s e l a g e ,  n a c e l l e s  a n d  h o r i z o n t a l  t a i l ,  t h e  f o l l o w i n g  are  
o b t a i n e d :  
Wing d e s i g n  a t  Mach number = 2.7 f o r  CL = . 10 and Cmo - 
.010, i n  p r e s e n c e  of f u s e l a g e  a n d  n a c e l l e s  w i t h  p r e s s u r e  
c o n s t r a i n t s .  
A n a l y s i s  of c o n f i g u r a t i o n   d r a g - d u e - t o - l i f t  for a 
of h o r i z o n t a l  t a i l  s e t t i n g s .  
Skin f r i c t i o n   d r a g  
F a r - f i e l d   a n d   n e a r - f i e l d   w a v e   d r a g   a r a l y s e s  
* Drawing of c o n f i g u r a t i o n .  
T h e  i n p u t  c a r d  l i s t i n g  f o r  this case i s  shown cn  page 99.  
T h e  Frcgram  output  h a s  been e d i t e d   t o   r e d u c e   p a g e   c o u n t  
i l l u s t r a t i n g  o u t F u t  f o r m a t .  
series 
w h i l e  
T h e  o u t p u t   b e g i n s  w i t h  a l i s t i n g  of t h e  bas ic  g e o m e t r y ,   s e p a r a t e d  
i n t c  components   (wing,   fuselage,  e tc)  (. A n  uxambered   wing  w a s '  
s p e c i f i e d  i n  t h e  b a s i c   g e o m e t r y ,   s i n c e   t h e   c a r r b e r   s u r f a c e  w i l l  b e  
d e f i c e d  by t h e  wing design program. 
Conf igu ra t ion -Dependen t  Load ings  
S i n c e  t n e  wing  design case i s  t o  be per fo rmed   w i th   p re s su re  
l i r r i t i n g ,   a n d   i n   t h e   p r e s e n c e  of f u s e l a g e   a n d  mcelles,  t h e  
c o r r € s & o n d i n g   p r e s s u r e   a r r a y s   m u s t  be  computed. The n e a r - f i e l d  
wave  drag  Frouran; i s  r u n   f i r s t ,  t c  g e n e r a t e  t h e  wing t h i c k n e s s  
F r e s s u r e   d a t a   ( p a g e  109) .  Only t h e  wing  eometry i s  r e q u i r e d   f o r  
c h i s   c a l c u l a t i o n ;   o u t F u t   f o r   t h e  complete c o n f i g u r a t i o n   f r o m   t h e  
n e a r - f i e l d  p r o g r a m  is i l l u s t r a t e d  l a t e r  (page  234) .  
The l i f t   a n a l y s i s   p r o g r a m  is e x e c u t e d   n e x t ,  t o  c a l c u l a t e   t h e  
n a c e l l e  p e s s u r e  f i e l d  a n d  t h e  f u s e l a g e  u p w a s h  p r e s s u r e  f i e l d .  T o  
obta in  an a p p r o x i m a t e   o r i e n t a t i o n   b e t w e e n  t h e  f u s e l a g e   a n d   w i n g  
f o r  t h e  upwash f i e l d   c a l c u l a t i o n s ,  a p r e v i o u s l y   d e f i n e d   c a m b e r  
s u r f a c e  was i n p u t   u s i n g   t h e  TICFBC = 1 . 0 q p t i o n .  The ANLB 
i n t e r f a c e  p r o g r a m  i n s e r t s  t h i s  d e f i n i t i o n  i n t o  the bas i c   geomet ry  
a n d   F r i n t s  i t  (page 110). The l i f t  a n a l y s i s   p r o g r a m   t h e n   c o m p u t e s  
t h e  wing  upwash f i e l d   ( p a g e  1151, t he  n a c e l l e   F r e s s u r e  f ie ld  (page 
117) t he   a sy rcme t r i c   fu se l age   buoyancy  pressure f i e l d   ( p a g e  116), 
and t h e  l o a d i n g  o n  t h e  w i n g  d u e  t o  t h e  f u s e l a g e  upwash f i e l d  ( p a g e  
121).  The  wing  upwash  loading i s  t h a t  for t h e  basic wing   ang le  of 
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a t t a c k   w i t h  a l l  wing slopes z e r o e d ,  i.e., a s  c c m p u t e d   w i t h   i n p u t  
WHUP = 1.0. 
Wing D e s i g n  S o l u t i o n  
Much d i a g n o s t i c   o u t p u t  i s  a v a i l a b l e   f r o m  t h e  wing  design  module.  
However, p r i n t  c c n t r o l s  .3re used  i n  t h e  p r o g r a n  ( i n p u t  A-PRINT)  t o  
p r o v i d e   o u t p u t   f l e x i b i l i t y ,  I n  t h e   t y p i c a l   c a s e  shown, the p r i n t  
c o n t r c l  was Set  a t  +2.0, t o  i l l u s t r a t e   o u t p u t   f o r m a t ,   a n d   t h e n  
e d i t E d .  The  d e s i g n  case shown u s e s  a l l  s e v e n t e e n   l o a d i n g s ;   f i r s t  
t o  g e n e r a t e  a FESTART d e c k ,   t h e n  t o  o b t a i n  a King  design for a 
s F e c i f i c   d e s i g n   p o i n t .   u s i n g   t h e  RESTART opt icr . .  ThE f u s e l a g e  i s  
i n c l u d e d  i n  t h e  s o l u t i o n .  
The  King d e s i g n  p r o g r a m  f i r s t  p r i n t s  t h e  i n p u t  da t a  a n d  c h e c k s  t h e  
d e s i g n  a n d  c c n s t r a i n t  oFtioris ( t he  card 7 i n p u t s )  f o r  c o n s i s t e n c y .  
T h e  s e r r i - s F a n   s t a t i o n s ,   i n  p r o g r a m   u n i t s ,  a t  which the camber 
s u r f a c e  w i l l  be  c a l c u l a t e d  i s  n e x t   p r i r t t e d ,   f o l l o w e d  by  a l i s t i n g  
of t h e  ccmponent   loadings  t o  be u s e d   a n a   t h e   c h o r d w i s s   l o c a t i o n s  
a t  which t h e  camber s u r f a c e  w i l l  be i n t e r F o l a t z d .   T a b l e s  of t h e  
c c n f  i g u r a t i o n  d e p n d e n t  l o a d i n g s  a r e  also o u t p u t .  
F i v e  Z o r d i n a t €   c o n s y r a i n t   l o c a t i o n s  are s p e c i f i e d  i n  t h e   i n p u t .  
These a r e  c h e c k e d  t o  see i f  t h e  Y a n d  X v a l u e s  of t h e  c o n s t r a i n t s  
a r e  c n  a computsd Y s t a t i o n   a n d  OR t h e   p l a n f o r m ,   r e s p e c t i v e l y .  
(The Y v a l u e s  were s h i f t e d  s l i g h t l y  a n d  a n o t e  p r i n t e d ) .  
ThE Frogram r e x t  cornpu tes   and   p r in t s  t h e  f l a t  wing s o l u t i o n   ( p a g e  
133).  T h i s   i n c l u d e s   l i f t   a n d   r a g   c o e f f i c i e n t s ,   t h e   l e n g t h w i s e  
c e n t e r  of p r e s s u r e   p o s i t i o n  (as  a f r a c t i c n  of ove ra l l  wing 
l c n g + h ) ,  and t h e  d r a g - d u e - t o - l i f t  factor .  S i n c e   t h e   f u s e l a g e  i s  
used  i n  t h e  s o l u t i o n ,  t h e  a e r o d y n a m i c  c e n t e r  l c c a t i o n  of the .wing- 
fuse lago  combina t ion  (computed  i n  the l i f t  a n a l y s i s  program a t  t h e  
t i n e  ot t h e   f u s e l a g e   u p w a s h   c a l c u l a t i o n )  i s  s u b s t i t u t e d  for t h e  
ae rodynan ic  center  o r  the  wing  p l an fo rm on ly    age 133). 
T h e  F r c g r a x r   t h e n   c a l c u l a t e s   t h e   c a r r y - o v e r   l i f t   d i s t r i b u t i o n  of 
a l l  t n e  c a m b e r - t y p e   l o a d i n g s   ( p a g e  134), a n d  the a s s o c i a t e d  force 
c o e f f i c i e n t s .  
The   Frogram  next   cyc les   th rough a l l  t h e  component   lcadings.  For 
e a c h ,  a t a b l e  g i v i n g   s p a n w i s e   d i s t r i b u t i o n s  of l i f t ,   d r a g ,   a n d  
p i t c h i n g  moment c o e f f i c i e n t s  is printed. This is followed by t h e  
i n t e g r a t e d  v a l u e s  o f  l i f t  c o e f f i c i e n t ,  d r a g  c o e f f i c i e c t ,  c e n t e r  of 
p r e s s u r e   p o s i t i o n ,   d r a g - d u e - t o - l i f t   f a c t o r ,   t h e  r a t i o  of i n p u t  
r e f e r e n c e   a r e a  t o  g r o s s   p l a n f o r m  area (Sref/Spros), t h e   p i t c h i n g  
morrert slope with d e s i g n  CL, and  t h e  Cno associated with t h e  
compcnent cL. This  i s  f o l l o w e d  by the i n t e r f e r e n c e  drag of t h e  
c o m p c n e n t   l o a d i n g   o n   t h e   n a c e l l e  a rea  d i s t r i b u t i o n   ( i f  nacelles 
were i n p u t ) ,   a n d  a t a b u l a t i o n   o f   t h ei n t e r f e r e n c e   d r a g  
c o e f f i c i e n t s   a s s o c i a t e d   w i t h  all other   comFcnent  loadings. The 
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camber s u r f a c e  f o r  t h e  selected l o a d i n g  i s  t h e r !   p r + n t e d ,   t o g e t h e r  
w i t h .  the  l i f t i n g   p r e s s u r e   d i s t r i b u t i o n  and upper   and lower wing 
s u r f a c e  p r e s s u r e  d i s t r i b u t i o n s .  The camber s u r f a c e   i n b o a r d  of t h e  
s i d e - o f - f u s e l a g e   s t a t i o n  i s  set t o  z e r o ,   s i n c e  it is r e p l a c e d  by 
t h e   f u s e l a g e   s h a p e .  The i n d i v i d u a l  camber s u r f a c e  data are. not 
shown, b u t  h a v e  t h e  same f o r m a t  a s  the f i n a l  s c l u t i o n  ( p a g e  182). 
The  Frogram  next   summarizes   the force a n d   i n t e r f e r e n c e  drag 
c o e f f i c i e n t s   o f  a l l  t h e  component   loadings   (page  156).  The o r d e r  
of t h e  d a t a  are: 
1) L i f t  c o e f f i c i e n t s  f o r  a l l  l o a d i n g s   a n d   t h e i r   e s p e c t i v e  
2)  I n t e r f e r e n c e  drag c o e f f i c i e n t s   f o r  a l l  w ing   l oad ings  
3) Drag c o e f f i c i e n t s  of wing-on-nace l le   (page  158). 
4 )  F u s e l a g e   i n p u t  t o  w i n g   d e s i g n   p o i n t   ( l i f t ,   d r a g ,  and 
p i t c h i n g  m o m e n t ) ,  t r a n s f e r r e d  f r o m  l i f t  a n a l y s i s  p r o g r a m  
(page  159) 
5) L i f t ,  drag, and Cmo c o n t r i b u t i o n s  of the c a r r y - o v e r   l i f t  
d i s t r i b u t i o n s  ( p a g e  159). 
C , ,  c o n s t r i b u t i o n s  (for t h e  e x p o s e d  w i n g  p a r t ) .  
(page  156).  
A l l  c f  these d a t a ,  p l u s  t h e  c o n f i g u r a t i o n   d e p e n ' d e n t   p r e s s u r e  
d i s t r i b u t i o n s ,  a r e  t h e n  p u n c h e d  i n t o  a RESTART deck, and  the deck  
i m a g e   p r i n t e d   ( p a g e  159). Only a p o r t i o n  of t h e  RESTART l i s t i n g  
i s  shcwn s i n c e  it is q u i t e   l o n g .   ( T h e   s i z . e   c f   t h ?  RESTART deck i s  
a fur ic t ion   o f   the   number  of l o a d i n g s ,   w h e t h e r   f u s e l a g e  is used, 
n u r b e r  cf cocstraints,  etc) . 
With a l l  component   loading data  d e f i n e d ,  the Frograrc   then so lvos  
f o r  t h e  w i n g   d e s i g n s   r e q u e s t e d   o n  card 7. (If t h e   d e s i g n  case i s  
r u n  from a RESTAkT deck,  t h e  F rogram  so lu t ion  commences a t  t h i s  
p c i n t . )  The s o l u t i o n   c o r . d i t i o n s  are summarized (i. e. , CL, Cmo, 2 
c c n s T r a i n t s ,  e t c ) ,  f o l l o w e d  by t h e  op t imized   va lues   o f  CmO, KE 
( d r a g - d u e - t o - l i f t  factcr ,  c D / c L 2 ) ,  and t h e  a s s o c i a t e d   l o a d i n g  
c o n k   i n a t i o n  kactors  A i C  L i  The r e s p e c t i v e  contributions I of 
z x F o s e d   w i n g ,   f u s e l a g e ,   c a r r y - o v e r   l i f t ,   a n d   n a c e l l e s  t o  t h e  
c o n f i g u r a t i o n  i s  t h e n  p r i n t E d .  
T h e  s o l u t i o n  p r e s s u r e  d i s t r i b u t i o n  i s  n e x t  p r i n t e d  ar,d scanned  for 
p r e s s u r e   c o n s t r a i n t   v i o l a t i o n s ,   I f   a n y   o c c u r   ( e i t h e r  i n  l e v e l  or 
g r a d i e n t ) ,   t h e y  are n o t e d   i n   t h e   r i g h t  hand  margin. A t  t h e  
c c n c l u s i o n  of t h e   p r e s s u r e   d i s t r i b u t i o n   p r i n t - c u t ,  the l o c a t i o n s '  
and   magni tuds  of t h e  l a r g e s t  s o l u t i o r ,  F r e s s u r e  l e v e l  a n d  g r a d i e n t  
a r e  n c t e d  (page  171). If v i o l a t i o n s  of i n F u t   p r e s s u r e  limits 
OCCUT,  tile s o l u t i o r ,   r e p e a t s   w i t h  a c o n s t r a i n t   a d d e d  a t  t h e  
l o c a t i o n  of worst v i o l a t i o n .  
Fo r  t h e  test case shown, a wing   des ign  bas o b t a i n e d   i n a 
suksequen t   ru r .   ' u s ing  RESTART. S i n c e  a l l  of t h s  basic s o l u t i o n  
da t a  were p r e s e r v e d   i n   t h e  RZSTAET deck,  it was not n e c e s s a r y  t o  
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r e c a l c u l a t e  the conf igu ra t ion -dependen t   da%a .  The RESTART deck is 
v a l i d   f o r   a n y  case having: 
1) The same. or fewer l o a d i n g s  (order c a n  be changed) 
2) Same f u s e l a g e   g e o m e t r y ,   a n g l e  of a t t a c k ,   a n d   s i d e  of 
f u s e l a g e  s t a t i o n  
3) The same or  fewer Z c o n s t r a i n t   l o c a t i o n s  ( i n  same 
order).  The v a l u e  of Z a t  t h e s e   l o c a t i o n s   c a n  be 
changed,  however. 
4) Any CL, CmO, or p r e s s u r e   c o n s t r a i n t .  
I n  t h e  p a r t i c u l a r  t e s t  case shown, the v a l u e  of Cmo was changed 
f r c m   t h e  case which   gene ra t ed  t h e  RESTART d a t a ,  a n d  o n l y  f o u r  (of 
t h e   f i v e   a v a i l a b l e )  2 o r d i n a t e   l o c a t i o n s  were used .   Sc fu t ion  
p r e s s u r e  d i s t r i b u t i o n s  were r e q u e s t e d  €or a l l  f o u r  canber s u r f a c e  
o p t i o n s  (CL o n l y ,  CL p l u s   p r e s s u r e   c o n s t r a i n t ,  CL p l u s  Cmo, CL 
p l u s  C,, + p r e s s u r e  c o n s t r a i n t ) .  The r e s u l t i n g  camber s u r f a c e  f o r  
CL + Cmo + CP was r e q u e s t e d  to be o u t p u t  ar,d a l s o  p u n c h e d   i n t o  
cards. 
T h e  s o l u t i o n  commences f o r  t h e  CL (and Z)  c a s e ,  It t h e n   c o n t i n u e s  
b y  a F F l y i n g  t h e  F r e s s u r e  a n d  Cmo c o n s t r a i n t s .  
I n  c r d e r  t o  i l l u s t r a t e  p rogram  ou tpu t ,  t h e  s o l u t i o n  i n v o l v i n g  a l l  
c o n s t r a i n t s   h a s  keen e d i t e d   a n d  is shown (beginning   on   page  160) .  
The i n i t i a l   s o l u t i o n   h a s  a numbEr of p r e s s u r e   v i o l a t i o n s ,  t h e  
wors t   o f   which  i s  i d e n t i f i e d   ( p a g e  171), and a c o n s t r a i n t   a p p l i e d  
t h e r e .  The s o l u t i o n  , t h e n   r e c y c l e s ,   a n d   i e n t i f i e s  a second 
c c n s t r a i n t  t o  ke a p p l i e d ,  
S u b s e q u e n t   s o l u t i c n   c y c l e s   b u i l d   u p  t o  f o u r  g r a d i e n t  c o n s t r a i n t s ,  
one of which . is  found  redurldant ( i . e . ,  made u.nnecessary  by a l a t e r  
c o n s t r a i n t ) ,  a s  showl, on page 177. T h a t   c o n s t r a i n t  i s  removed, 
t o g e t h e r  w i t h  t h e   l a s t   c o n s t r a i n t   a p p l i e d   ( s i x c e  it i n v o l v e d  a 
r e d u n d a n t   c o n s t r a i n t ) ,   a s  shown on   page  178. The s o l u t i o n  
c o n t i n u e s   u n t i l  t h e  g r a d i e n t   c o n s t r a i n t  i s  e v e r y w h e r e   s a t i s f i e d ,  
a n d  t h e n   c h e c k s   F r e s s u r e   l e v e l .  I n  t h i s  case, l e v e l  w a s  a l r e a d y  
s a t i s f i e d ,  so the f i n a l   s o l u t i o n  SUraiXy i s  F r i n t e d ,   i n c l u d i n g  a 
sunmary of t h e  t w e l v e  l a r g e s t  p r e s s u r e  g r a d i e n t s  o n  t h e  w i n g  u p F e r  
s u r f a c e  f o r  t h e  f i n a l  s o l u t i o n  ( p a g e  181). 
After t h e   f i n a l   s o l u t i o r :  is o b t a i n e d ,  the p r o g r a m   c a l c u l a t e s   a n y  
r e q u e s t e d   c a n b e r   s u r f a c e s ,  The s F a n w i s e   d r a g   s u m a r y ,   f o r c e  
c o e f f i c i e n t  summary, Z v a l u e s  a r e  p r i n t e d  a s  was done  f o r  each   o f  
t h e  c c n F o n e n t   l o a d i n g s   e a r l i e r ,  The c a n b c r   s u r f a c e  is t h e n  
i n t e r p o l a t e d   a t  t h e  r e q u e s t e d   p e r c e n t   c h o r d   v a l u e s ,   p r i n t e d   a n d  
p u n c k d  i n t o  cards (page  194). 
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Wing Camber Sur face  Upda te  
I n  t h e  i l l u s t r a t i v e  c a s e ,  the fir ial  camber surface d e s i g n  w a s  used  
t o  uFdate  t h e  bas ic   gecmetry   by   means  of t h e  e x e c u t i v e  c a r d  WGUP. 
T h e  u p d a t e d  d e f i n i t i o n  i s  p r i n t e d  o n  p a g e  196. 
L i f t  A n a l y s i s  
The   camber   su r f ace   de f in i t i on   punched  by  the wing des ign   program 
was i n p u t   i n t o  t h e  l l f t  a n a l y s i s  Frogram. The  wing camberline 
d e f i n i t i o n   a t  ,075 s e m i - s p a n   ( s i d e - o f - f u s e l a g e   s t a t i o n   i n  w i n g  
d e s i g n  Frograrr.)  was s u b s t i t u t e d  for  t h e  zeros   punched  by t h e  wing 
d e s i g n   F r o g r a m   i n   t h e   f u s e l a g e   r e g i o n ,  ir, o r d e r  t o  a l l o w  
c a l c u l a t i o n  of t h e  w i n g - f u s e l a g e  i n t e r s e c t i o n .  
The f c r c e   c o e f f i c i e n t  summary, t a i l - o f f ,  i s  shown on page 215. 
T h e  Frogram first  p r i n t s  a t a b l e  of l i f t ,   d r a g ,   a n d   p i t c h i n g  
morrent c o e f f i c i e n t s  f o r  t h e  wing a t  t h e  i n p u t  i c c i d e n c e ,  a n d  a l s o  
p e r   d e g r e e   a n g l e  of a t t a c k  (FP a t  1 d e g r e e ) .  The inc remen t s   due  
t o  t h e  n a c e l l e s   a r e  a l so  p r i n t e d .  This t ab l e  i s  t h e n   r e p e a t e d  
w i t h  t h e  f u s e l a g e   c o n t r i b u t i o r i   a d d e d .  T n e  d rag  terms a r e  t h o n  
c o m b i n e d   i n t o  two e q u a t i o n s  (nace l les  o n   a n d   o f f ) ,   a n d   r a g   a n d  
p i t c h i n g  moment c o e f f i c i e n t s   a b u l a t e d  for a series of lift 
c c e f f i c i e n t s .  
The c o n f i g u r a t i o n  streamwise l i f t  d i s t r i b u t i o n  is n e x t  summed and  
p r i n t e d   a n d   f u r t h e r  broker! i n t o  separa te   summat ions  for wing- 
f u s e l a g e - c a n a r d ,   n a c e l l e s ,   a n d   h o r i z o n t a l  t a i l ,  These summations 
are cumulat ive  and are d i v i d e d  by the t o t a l  l i f t  of tne 
c o n f i g u r a t i o n .  
The f o r c e   c o e f f i c i e n t   a n d  streamwise l i f t   d i s t r i b u t i o n  data a re  
r e p e a t e d  for each  t a i l  a n g l e  of a t tack,  t o g e t h e r   w i t h  t h e  
c c n t r i b u t i o n s  d u e  t o  t h e  h o r i z o n t a l  t a i l .  
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T h e  k i n g   l i f t i n g   F r e s s u r e   d i s t r i b u t i o n  a t  a S p e c i f i e d  CL i s  n e x t  
p r i n t e d  (in this case, a t  a CL = . l o ) .  These d a t a   ( p a g e  222) a re  
fcr the F r e s s u r e s   g e n e r a t e d  by t h e   l i f t i n g  surface,  b u t   d o  G o t  
i n c l u d e  p r e s s u r e s   d u e  t o  t h e  n a c e l l e s  o r  a symmet r i c   fu se l age  
buoyancy f i e l d .  
The spanwise  l i f t  d i s t r i b u t i o n  is p r i n t e d  l a s t  (page 224). T h i s  
t a b u l a t i o n  i s  fo r  t h a   w i n g - c a n a r d - n a c e l l e s   c o m b i n a t i o n   l y  
( e x c l u d i n g  f u s e l a g e  o r  h o r i z o n t a l  t a i l )  . 
.If the l i r r i t i n g  F r e s s u r e  o F t i o n  of t h e  L i f t  a s a l y s i s   p r o g r a m  is  
r e q u e s t e d ,  t h e  o u t p u t  is  t h e  same e x c e p t  f o r  tho a l t e r a t i o n s :  
1 .  The d a t a  a t  tne c o n f i g u r a t i o n  b a s i c  a n g l e  of a t t a c k  become 
d a t a  a t  a s p e c i f i e d  a n g l e  of a t tack.  
2. Notes a r e   p r i n t e d  t o  c a l l  a t t e n t i o n  t o  t h e  p r e s s u r e   l i m i t i n g  
c p t i o n .  
Add i t ion  of a c a n a r d  t o  t h e  c o n f i g u r a t i o n   F r c d u c e s   a n   a d d i t i o n a l  
s e t  cf force c o e f f i c i e n t  sununary d a t a ,  i .e . ,  d a t a  i s  p r i n t e d  bo th  
w i t h  and w i t h o u t  t h e  d i rec t  c a n a r d  c o n t r i b u t i c n .  
S k i n - F r i c t i o n  
T h e  s k i n  f r i c t i o n  program p r i n t s  i n p u t ,  thec  a t ab le  of wetted 
a r e a s ,  d r a g / d y n a m i c  p r e s s u r e  (D/S) , a n d  d r a g  c c e f f i c i e n t ,  f c r  each 
i n p t  f l i g h t  c o n d i t i o n  ( p a g e  227). 
F a r - F i e l d  Wave Drag 
The f a r - f i e ld  wave drag program p r i n t s  ar! e n r i c h e d   a r e a  
d i s t r i b u t i o n   f o r t h e  f u s e l a g e   ( p a g e  2281, t h e n  t h e  area 
d i s t r l k u t i o n  for  d i f f e r e n t   c o n f i g u r a t i o n   c o m p o n e n t   b u i l d u p s  a t  a 
series of t h e t a  ( c u t t i n g   p l a n e   i n c l i n a t i o n )   v a l u e s .  The  program 
n e x t  i d e n t i f i e s  a n d  p r i n t s  t h e  a r e a  r e s t r a i n t  F o i n t s  c o r r e s p o n d i n g  
t o  t h e  case r e s t r a i n t   c o n d i t i o n ,   f o l l o w e d  by c o n f i g u r a t i o n  da ta  
f o r  t h e  i n p t   c o n f i g u r a t i o n   a n d   o n e   o p t i r r i z e d   s u b j e c t  t o  t h e  
r e s t r a i n t   p c i n t s .  An o p t i m i z e d   f u s e l a g e  area d i s t r i b u t i o n  
c o r r e s p o n d i n g  tc t h e  r e s t r a i n t  case is t h e n   c a l c u l a t e d  and 
p r i n t e d ,  followed by a d r a g  summary for  %he  c o n f i g u r a t i o n  a s - i n p u t  
a n a  wi th  the o p t i m i z e d  f u s e l a g e  ( p a g e  233). 
Near-Field Wave Drag 
T h e  near - f ie ld  wave drag module, f o r  w i n g - f u s e l a g e - n a c e l l e s ,  was 
e x e c u t e d  next .  The program  input  is first p r i n t e d ,  followed by 
the w i n g   f u s e l a g e   i n t r s e c t i o n .  (The E v a l u e s  of t h i s  
i n t e r s e c t i o n  a r e  r e l a t i v e  t o  t h e  f u s e l a g e  c e n t e r l i n e ,  .rather t h a n  
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t h e   c v e r a l l   c o o r d i n a t e   s y s t e m . )   T h i c k n e s s   p r e s s u r e   d i s t r i b u t i o n s  
for t h e  empennage  sur faces  a r e  t h e n  p r i n t e d  ( F a g e  235). 
The n a c e l l e  terms are n e x t   p r i n t e d .   F i r s t  the n a c e l l e   p r e s s u r e  
f i e l d  a c t i n g  on the wing i s  o u t p u t  ( e d i t . e d  o u t  i n  t h i s  case s i n c e  
it i s  ' t h s  same a s   p r e v i o u s l y   i l l u s t r a t e d   i n   t h e   l i f t   a n a l y s i s  
p rogram  ou tpu t )  . The i n t e r f e r e n c e   F r e s s u r e   s i g n a t u r e s   a s s o c i a t e d  
w i t h   t h e   n a c e l l e s   a n d   f u s e l a g e   a c t i n g  on c n e   a n o t h e r  are n e x t  
c a l c u l a t e d   a n   p r i n t e d ,   i n c l u d i n g  t h e  "imaget1 s i g n a t u r e s  
a s s o c i a t e d  w i t h  r e f l e c t i o n s  o f f  t h e  wing  sur face .  
The  buoyancy f i e l d  of t h e   f u s e l a g e   a c t i n g   o n   t h e   w i n g  is then 
suIcmarized, followed by t h e  wing d e f i n i t i o n  a n d  isolated t h i c 3 m e s s  
p r e s s u r e  s o l u t i o n s .  
The i s o l a t e d   f u s e l a g e   p r e s s u r e   d i s t r i b u t i o n   a n d   t h e   w i n g - o n -  
f u s e l a g e   s i g n a t u r e  i s  next t a b u l a t e d   ( p a g e  244) ,  . t o g e t h e r   w i t h  a 
running  summation of %he d r a g   a s s o c i a t e d  w i t h  t h e s e   p r e s s u r e s .  
Each of t h e s e  sums is d i v i d e d  by t h e   t o t a l   c o r r e s p o n d i n g   d r a g  
v a l u e .  
The f i n a l   d r a g  summary (page 249) c o n s i s t s  of k i n g   s e c t i o n   d a t a ,  
t a k u l a t e d   f u s e l a g e   a n d   n a c e l l e   d r a g   c o e f f i c i e s t s ,   e m p e r a a g e   d r a g ,  
t o t a l  d r a g  a n d  w e t t e d  a r e a s .  
T k e  k i n g   s e c t i o n   d a t a ,  a t  the s o l u t i o r r   s p a n w i s e   s t a t i o n s ,   c o n s i s t  
o f  t h e  i s o l a t e d  wing s e c t i o n  d r a g  c o e f f i c i e n t  (CDW/C= d r a g  of t h e  
e l e m e n t  row d i v i d e d  by chord) , i n t e r f e r e n c e   d r a g  of f u s e l a g e   o n  
w i n g   s e c t i o n  (CDBaWIC),  i n t e r f e r e n c e   d r a g  of n a c e l l e s   a c t i n g  on 
t h e  s e c t i o n  ( C D N Q I W K ) ,  t h e  sum of t h o s e   s e c t i o n   c o e f f i c i e n t s  (SUM 
C W C ) ,  and t h e  f r a c t i o n  of t h e   t o t a l  w i n q  wave d r a g  for the  
s e c t i o n .  
Drag of t h e  wing- fuse l age   combina t ion  i s  n e x t   p r i n t e d ,   i n c l u d i n g  
t h e  i s c l a t e d  wing (CDW) , i so l a t ed  f u s e l a g e  (CDE) , fuse lage-cn-wing  
i n t e r f e r e n c e  (CCBIW) , w i n g - o n - f u s e l a g e   i n t e r f e r e n c e  (CDWIB) , and 
the t o t a l  of t h o s e  (CD WING-BODY). 
A t a t l e  of n a c e l l e  d r a g  t e r m s  i s  t h e n  p r i n t e d ,  g i v i n g  t h e  i s o l a t e d  
wave d rag   and  t h e  i n t e r f e r e n c e  terms f o r   t h e   n a c e l l e s   a t   e a c h  
i n p t  o r i g i n .  
The t o t a l  wave d r a g  f o r  t h e  c o n f i g u r a t i o n  i s  p i n t e d  as T0TAL CD- 
A 
Plot  Program 
The  Elct  Frogram p r i n t s  t h e  program  input  and  view  data,  A 












































































1 .  
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CONFIGIJRATION-DEPFNDEMT LOADING  GFNERATION 
A N L Z  
1. 








0.000 5.060 10.000 3o.ooo 70.000 40.000  50.000 m.ooo 70.000 80.000 
0.000 5.noo to.ooo 20.000 3n.noo 4n.000 5o.ono 6o.noo 70.000 80.000 
9 0 ~ 0 0 0 l 0 0 ~ 0 @ 0  ~ 










-3 .970  -4 .308 
0.000 "136 " 6 5 5  -1.241  -1..760  -2.211  -2.557  -2.900  -3.266  -3.622 
-2.646  -2.597 
0.006 "'339  "653  -1.208  -1.h66  -2.015  -2.238  -2.412  -2.542  -2.627 
END 
YDEZ 
969-500  17  LOAD CHECK  CASE 22 SPAN STA. * I T H  FUSELAGE  AND 2 TERMS 




2.7  e006  -1  
1. 
-17. 0. 2. 
7. 2. 1. 
1. 
130.85 189. 243.39  18 .  189. 
0. 0 .   5. 
-4.07 -10.16  -14.11 -8.32 -7.0 
4.9688  4.968@  4.9688  6.625 8.2873 
0. 
12. 16. 16.  19. 22. 25.  28. 30. . 32. 36. 
1. 2. 3. 4. 5. 6. 7. 8. 10. 
98. 40. 
11. 16. 17 .  14.  13.  15.  2. 
























































.0. . 66.25 







.m2s * o o m  
FNO 
U M Z  
969-5OOA  CHECK  CASE 
40. 22. -1. 
2. 1. 
2.7 001 . I  
2. 
7 .  21 
€ 0  1. 
1. 
130.85 189.  249.39 
1. 
4.9688  4.9688  4.9688 
-4.07 -10.16 -19.11 
0. 
12. 14. 16. 
1. 2. 
40. 
1 .  
11. 160 17. 
2. 3. 
0. 


























7 .  a. IO* ' el 7c ' 
30. 32. 340 8-2 












969-500 17 LOAD CHECK CASE 22 SPAN ST&. WITH FUXLAGE AND Z TERMS 
+4C RESTART DECI 1NWT 6 4  (NOT LISTED) e*+ 
END 
Wc.I)P 
969-500 17 LOAD CHECK CASE 22 SPAN STA- WITH FUSELAGE AND Z TERMS 
4NLZ 
720  12. 1. 
1 .  1. 1. 
1. 
-1. 2. 1. 
P.7 1. 
-1. 
0.000 5.000 10.000 20.000 30.000 O O r b O O  50.000 60mOOO 70.000 80.000 
+O.OOO r5.000 hO.000 47.TOO 55.000 F t o W O  70.000 T5.C)OO @O.000 90.06 0.000 2.500 5.00@ 7,SOO 10.000 12eSr)O 15.000 17.500 20.000 25-000 



















-66'161  -6.858 
-5.341 -5.742 
-6.132 -6.500 
0.000 ,166 .182 "624 -2.108 -3.584 -4.783 -5.668 4 . 2 5 5  -6.625 
0.000 e166 -182 -0624 -2.108 -3.584 -4.783 -5.668 -6.255 -6.625 
0.000 -004 -e102 -e799 -1.8U7 -3.009 -4.001 -4.808 -5.397 -5.177 
0.000 -a005 "098 - a 7 0 7  -1.644 -2.632 -3.523 -4.251 -4 .779 -5.085 
0.000 "039 "185, -e879 -1.876 -2.936 -3.920 -4.754 -5.393 -5.807 
0.000 -0032 - e 1 7 5  -.E38 -1.799 -2.833 -3.806 -4.640 -5.284 -5.702 






-6.028  -6.391 
0.000 .OB5 
-5.977 -6.609 
0.000 a 1 3 7  
-4.940  -5.431 
0.000 -193 
-4.530  -5.190 
0.000 0328 








-5 3 2  
-e749 -1.657 
-e625 -1 -486 
"562 -1.402 
-0432 -1.214 




-2.649  -3.592  -4.407  -5.036,-5.434 















. . . . ._. 
E M  





1. 1. 1. 
EN0 
CLOT 
4.97 -I. -1. 
969-500 CONFlGURATION 
1.  1. 1. 1. 1. 
x z  
X Y  




















I .. . . 
. .  
" . 
. ." 
. . .. 
. . . . . - . . 
_" ." - 0.0. 
2s.) 
5.0 




























y o  
CAMBER 
.o. 0000 












































1.0500  1.050  
1.1450  1. 450 
1.2000  1.20  
1.2300  1.230  
1.2490  1.2490 
1.1700  1.170  
,9370 











































































HALF-IHlW(WS . . .-.SAMBER 
. . . .. " , .- . -- . .. - . " . ..- . - 
UPPER L n u u  . IZJ 
O.OQOO 0.000.0 . . . . 4"
-5700 e.5700. . . . DLOOM 
.8720 
.7140 .7140 . .O.D.QQO 
..072Q-. . o doao 







.O I OOQO 
,5460 
i .1450 
1.23M. . .  . 
1.2000 . . 
1.1LPo . . 
llL49.0 .. - 
93 20 
e 5 4 6 0  
0 . ~ 0 0 0  . . 
.O QOQO 
O a O O Q O  
D L QQQO 
O..QOOD . 
D L Q M O  
D 9 0 Q O  
0 .o.o.o.o 












e9020  e9020 
1.0980  1.0980 
1.2200  1.2 0  
1.2890  1.2890 
1.3150  1.3150 
1.2620  1.2620 
1.1050 1.10.50 
- 8 4 2 0  , 8 4 2 0  
0.0000 0.0000 





C A M E  R 












0 0 0 0 0  
0 .0000 
- - ". . -. . 
HALF-J 
~ .UPP€E 





1 1560  
1.2130 





















= .  .225.8100 
= -47.54.40 















0 ~ 0 . 0 0 0 .  0.0000 
..k95B , _ _  . 495.0 
. .  
._ ." 9OYO. " . . 0,0000 
.100,0 0.0000 
- 
. . . . .  


















, . . 250.0000 
. . 213933QO 
__  . - ... 2839 3000 
_ .  -.2.66*6700 




= 0,0000 . 32.6810 4 1 ~ 5 4 S O  . 
H A L F - T H I C K M E S S  













14950  ,4950 
*++* +++* 








- e  1400 
1.2800 
-1 6000 
-3  0400 









. . .  *+** . . . . . . . . . .  ..... ... ........... - - -. "" FUSELAGE.. e+.** W ~ L . . - . . - . . ~ , W - . _  -.**.*( *.*e.+.. . . .  ..... . 
....................... - - . . . . .  
. . .  . .  . .  . ... ............ -. - - -. " " 
-. .- . . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . . .  
. .  . . . . . . . . . .  -. .... . . . . . . . . . .  
. . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  ............ - 
-. 
........... ." ............. - . .  - ..... . . . .  

















.3 24 10 
" 0.0000 
1.5918. 
.... - ." ..... - ....... - . .  . _ . . . .  -. . .  " . 
AREA _ _  PERUETER - . 
23.50OD .. ..... 17.1846 . . . .  
89.000Q . .  .. .33.4426 . .  . . .  
117~0000. ....... 38 .3429 . .  ............... 
12b.0000 .................... 89.7911 . . . .  
.O.OOOO . . . . . .  .o. 0000 . . . . . . . . . .  - 
. 57.5000 . . . . .  - 2 b 8 8 0 6  . . . .  - . .  
119.8000  38.8001 
108.0000 . . . . . . .  36.8398 . . . . . . . . . .  
107.0000. l b r 6 6 8 8 . . -  
105.000Q- _ 36.3245. 
107.QOOO . . . . . .  36.6688 - . 
- 1Oh.OQQO . - - l6 .h9U 1" 
94.0000 3 4 d b P L -  - 
102.0000. - - . ". ". -..35.8QlB - "- . 
. . . . .  . ...... 
. . .  .. .. 
. . . . .  
. "" 79.0m "" "3&0.28."  ". 
. . . . . .  .!i9aOOQO I Z L z L p Q " - - . . - . - -  .. 
. . . .  33.OQM . .  .... L a m 9  _ _  ... 
" -. "_ -A"" -- 
. . P . D Q D ~  - . " ~ o - .  ...... . 
- .  "" 
. . . . .  




. . .  " .  
X ." RADIUS 
. . . .  0.0000 ,.. 2..8650 
2.0080 . 2.9830 
15.4700 3.6330 
21.5250. 3.7700 
. .28.0170. . 3.6.540 
32.06.70 3.4200 
.... 
















3.. 4 2.00 " . . .  
**** FIN-  ' , *+*+*  ****  * * * *  *+** ++** - - ~ K 4 u o - * , i *  ' **** 
X-1 . 22.5.80.00 
Y L  s. 47-~1500 
C L  38.7500 
ZL . .Q..OOOQ 
X Y  - .26&5000 
Y U  - 47a .500  . zu = 10 . 00.00 
C U  .? .5&040. 
XL = 270..0000 
Y L  = .0..0000 
Z L  -13.0000 
C L  = 24..2000 
XU 282.5000 
YU = o.ooao 
Z U  -a9000 









2..0000 , . 
P E R C E N T   H A L F  P E R C E N T   H A L F  . . .  " ." . 
PERCENT UPPER L O Y E R -  
50.000 . . .  1.500 . . .  1.500 
C H O R . 0   T H I C K   C H O R   T H I K  
. .  CHORO  ORD . OR0 
... . .  .... 
" 
0.00 0.. 0.0 0.00 0.00 
3.2 r3P -1.. 50 3 2r 5 9  1 50 
67n.5.0 .L50 
lOO.O.0  0.00 lOO..OO o..oo 
- - 0 . 0 0 0 . .  - ~ ~ . * O O O "  - __0*.000., . 
. . . .  . . ........ " " - -. - .  JL-O?-C!!O " O . ? P _ !  _q,ooo . 
67.50 1-50 . "  . . . - .. . .  
. . .  _ _ _  "" -. . 














- . .  
PLANFORM BREAKPOINTS 
Y 
0.0000 . 166.0700 
" 4.9688 166.0700 
6.6250 160.1330 
9.5100 149.7900 
. 16.3330 125.3500 



















7  100.4320 
8 106.2081 
10  117.7603 , 
9  111.9843 
11 123.5362 
12  129.3120 
14  140.8637 
13  135.0878 
15  146.6395 
16  152.4153 
17   158.1912 
18  169.9670 
19   169.7430 
20 175.5196 
21  181.296  
23  192.8495 
22  187.0729 




29  226.6523 
28  221.7328 
30 229.5211 
31   232.3900 
32  235.2589 
33 238.1278 
3 4  240.9967 
35  243.8656 
36 246.7345 
38  252.4722 
39  255.3411 
3? 249.6033 
40 258.2100 
. .  
INBQARD YING END DEFINITION 
CHORD . , 
77.328698 
X Y 1 
. .  .0.,99 4.969090 0.000000 
. . . .  2-50.. ..... 81.480430 




10100. , 93.935626  4.969000 
0.000000 
. 20.00.' -. 110.542554 
0.000009 





. .  - . .143.756411  4.969000 0.000000 
. - . . . . .  -. ..  - . - . . . . . .  - . 
........... " - ... . . . .  




248.3980. . - 3.~3125. 
. 243.3980.. . .  S.968B _. ... 
2 4 3 3 3 7 0  . .  b r  625.0. .. 
... 243-0751  ...... 8.2813 . . .  
242.91$6 -9.9375 
. . .  24297580. . . . .  11,5938 . . .  
2 4 2 * 4 4 4 9 .  . 1 4 8 9 0 6 3  
242*6014 13.2500 
242.371Q . lb .5625 
243.2515 .1988750  
242.8112. . 18r2188  . 
244.5722 
244.1320  23.1875 
24.8438 
245.0124  26.5000 
24594527.   8 .1563 
245.8929 29.8125 
247.6807 




3 6 . 0 9 3 8 . .  
3615375 
. 253.8894 . 41.4063 . 




257r6146  . 4b.3750 . 
44.. 7188 
260.1134 




263.8759 . 54.6563 
53,0000 




268.8923  by. 813.  
59.6250 
270.1467 
271.4008 . 64.5931). 
62.9173 ,. 
272.6550 66.2 500 
. . . .  
.... 
. 2.4316917 . 21.5313 . 





" . . 10QrOO - 
. . . . . . . . .  - -  . 
1501363339 . . 4.9.69000 - . -0sQOOOQQ . _ .  -. 4 . r O R I U I - -  
193,577196 Qe96POOO Q~OOOOPO 3LBBbQZL.- 
176r979267  !t.P69000. L O O Q Q Q Q . .  !t&kWl" 
f l Q ~ 1 6 4 1 2 4  . . 4.969000. . O.PQOOO0. . .  3 . U B .  . 
226r791052 4.969000 O . O O O O M  .. 1 ~ 8 1 3 4 7 2 .  . 
Zf3r39.7981 4.969000 0. OQOPQQ .... QrQQQQPe. .  . . . . . .  
...... ....... 
. . .  .... . . . .  
...................... 
. .  
._ . - X P C T  . - . 0.000000 
. - - . - - " . . . . 60 .000000  . - - - - 
v t i 1 2  
. " . . . . .  
, 0.0000-  
. .  
0.000000 
1..24?000 
,0750 - .  0. oooooti . - - . - " .- . ._ . . . . . .  - .... - - 
.. 
- -. 1.249000 
. * ! O O O .  " 
11249000 
0.. 0.00000 
. - ... - . .  
....... - .. - .. 
....... - 4 7 1 7  . -. 0 . 0 . Q 0 ~ 0 0  
......... 1 0-2 6? 00.0. . 
71.76 
. . - ". 
. . .  o:oooooo 
. . 1.320000 











~ 1 . 0 8 7 0 0 0  
570000 
1.105000 







. . . . . . .  
. . .  











; 2 7ooo _. ._ 
.842000 




.eeoooo. , . 
. . . . .  - .... 
. . . . .  . _  - . " .... 
.872000  1.050000 . . . . . . . .  1- lcsoao . . . .  ~ t o o o o o  
54 6OOQ 0 . 0 0 0 0 0 0 ~  . . . . . . . .  : 
..... - . . . . .  -" . .A. . ... . 6 7 2 0 0 0 ~  1 . ~ 0 5 0 0 0 0  .. 1.145000 . 1.200000 " 
546000 0.000000 . 
. . " . . - . . . .  
872000 ' i .0500oo. . . .  1.1C5ooo ...... - 1.zooooo 
546000 0 .oooooo ". .. 
~ ~ 7 2 0 0 0  . . .  -- .  - .  .. - . . . .  
1.054000.  . - l..lZlbOOO 1.213000 
507000.. . O.-OOOOpD_ 
. . . . . . . .  - .......... " " . - .- ............ . . .  
.902000 
47300.0. 
1.098000 . 1.220000.  1. 89 0 
0.000000 
. - . . . . .  
.911000 . 1.334000 -. 1.268000 
49 5000 0.0.00000 
1.343000 
, . . -. . - - . - . ._ . - . . 
4 9 5 0 0 0  .880000 1.320000 
, 15 .- -- . " - . 
a495000 0.09000.0.. 
1 .230000.  
1.230000 . 













. "  
- . o l e o 2 4  
.osoois 
...... .. . . . . .  . . . .  "- .. " . . .  
*030173  e027748.   1025354 .. -022959  -no20565 L O ~ U Z Q  . - - .Al lS4bb. .  . -OlZWh. COO8627 . .005208 
- .005038 - e 0 0 8 4 3 4  -e011831  -.0 5227  -a018624  -1022020  -.025417 .. 
... " . 
.. ....... 
YING C A ~ I ~ E R  SURFACE READ I M T O  BASIC .GEOIIEZRZ. 
-. 
. . .  
- . . . . . .  - "_ . . .  **** **** **** Y I N G  **** - ... *+**.. . .****" . .  .".4*. . **** 
. . . .  . . . . . . . . . . . .  . .  
R E F A  9898.0000 . CBAR = 106,4100 .XBARU. . ~ B Z . O M P . .  . 
. . . . .  . . . . . . .  . ....... . . . .  . . . . . . . . .  ._ - "- - - " - -. - . .  . . . . .  




* 166.0700 CHORD 9 160.1330 . .. WRRD . * . l49.7900 
X0 * 83.1040 xo. *. 93.1650 
Y O  6.6250 ..YO : * -_9 ,5100 - ~ 0 . 0 0 0 0  20  9 0.00.00 . . . . . .  ..IO ... 0,0000 
****. . . . .  **** . .  
.... 
. . . . .  
. . . . . . . .  - ... 
x0 
Y O  
CHORD 
zo . . . . . . . . .  - . 
. . . . .  
. . . .  " . -. - ... 
. . .  CAMBER 
. . . .  t z ,  
0.0000 
. . . .  - . O l Z Z  
.... ..-.0244 
HALF-THICKNESS  CAMBER 
U P P E R   L O Y E R  
0.0000  0 .0000 
( 2 )  
0.0000 
. .*.ST00 e.5700 
..7140 
. e0528 
-7140 . ,1057 
r87-2.0 ,8720 2 3.0 6 
i,.psoo ~ 0 5 0 0  . . , - 1 , 3 7 2 ~  
. 1.1450  1.1450  -2r7975 
. _  1..2300 . 1.2300 
l . .2000  1.2000 -4.3476 
1.2490  1 .2490 
-5.9249 
-7.4654 
" . 1-*/700 . 1.1700 . . . . .  :8..9226 
-1012581 
-11r4383 
0.0000 0.0000 -12.4391 
-9370  . .e9370 















.. LLPPER ... LOYER 
. H A L F - T H I C K N E S S  
.0..0000 0.0000 
JUO . .1120 
" , a U O  . .  .E720 
.. . .ZD.5.40 1.0540 
. - - l L 5 4 0  . -1 .1560 
. ..L2130 . -1m2130 
. .1..2310, . 1.2370 
. - L W D  1.2350 
- . - L l Z J O  .. 111270 
. - . -A .B~o.  . .e830 







- ....... " . -. .... x9 
Y O  
20 
. . . . . . . . . .  ... CHORD 
. .  . . . . . . . . .  
_ .  . . . . . . .  - ... 
.. - . - ....... 
" - . .  . . .  ... P E R C E N T  ... -. . - .... C A M B E R   H A L F - T H I C K N E S S .  
""_CHOR_D_. "_ ur., ..... UPPER. ...... LOYER - - 
. , . "0. 0 . . . . . .  0.0000 0.0000 0.0000 
_. - . ....to ? - e0929 . -5500 5500 
.......... 5.0- . . . . . . . .  -1857 . . e7150  e7150 . 
- . ". 10.0.  . . . . . . .  ,1361 -8760  
20.0 
e 8 7 6 0  
-e2993  1.1 60  1.1260 
. -. . . . . .  - ... 
CAMBER 
" " JZ!. . 
0.0000 
-0918 
1 2 3 5 0  















. i. Zzoo . .  .. 
11_28!?0 -1128.90 - 
1.3150 1.3150 . .  . . . . .  
L l P O  1 .1030 
1.2620 1,2620 
.a420 .e420 
. . .  

















UPPER  LOVER 
0.0000 0.0000 
1340 s 1340 
e2610 ,2610 


























H I L I - T H I C k S S  .. 
UPPER . . LnUER..-.- 
0.0000 0.0000 





1.1550  1.15 0 








e * * *  **** **** 
- .  . .  CONFIGURATION D E P E N D E A T  LOADING GENERATION .. , . 
. . . . . . .  " . .  
. - .. - .. " ..  - . . . . .  
MACH NO.. 2.70000 XMAX. 
T I F t C =  -.1.00 
. .  
TNOM= 
. .  
NOPCT= 12 
.. - . 
. .   . . .  ...... 
. . . . .  . 1  
- 2. . 
3 





.. 7 . .  - 
. .  
0 
. . . . . . . .  - . .  














272.65500 NON= 40 CiAR= 

















9 70 .ooo 




. .  . . . . . . . . . . .  
106.41000 XBAR= 187.00000 . .  - . 
. " .. 
SHOGO. -0.00 . . . .  
. - - - -. - . 
RATIO. 4.153854 . 
. . . ._ 
. . . . .  . .  
. . . . .  
...... 
. - .. - . 





. . .  
. . . . . . . . . . .  
. x  . .  
77;s2.eo" 
... 
2  77.3280 
3 83.1040 
93.1650 
6 . 168.98.00 
5 116.9600 
7  225.8100 
8 225.8100 
9 . 258.2100 






























. " . 









. . .  
.... 
F U S E L A G E  DEFINITION 
X . . R A D  . A R E A  
16.67000 
33.33000 
0 * 0 0 0 0 0 ~  
. . . . . . . . .  
- .  . 50rP00D0. 
. _. .46.67000 
- . , . -..81.33000 .. 
100.00000 " ...... 
116.67000 
133.33000 -. 
. . .  15O~POOOO . . . .  
0.00000 
2.73501  23.50000 
0.00000 
4.27818  57.50000 




1 1 7 ~ 0 0 0 0 0  
126 00000 
6.17523 . .  119.80000 
5.86323  .108.00000 
5 .83602   107~0000  
5.78122 . 105.00aoo 
. . .  
i! 
.............. - .. - " .... .- .. ." -. . . 
- .................. - - - ......... " " . . 
.......... ._XLE-.-  . . _ _ _ A T E .  . - A U L X T L  ... 





- 8  
9 
10 
... 11. - 





























~~~ ~ ~ ~ 
~ 83.10+0. . - z r J l z a 7 0  . _ _  .2 .4 i .2370 
.... . B B r 0 . 7 9 . % ~ 4 L ~ L  . ~ - - 2 . 4 1 9 7 5 l . .  .. 
. 94.6559 . 212..9146 .2k2*9146 
106*2081  ..-24t?.bOlk 242.6014.  
100.4320 2424t.75.80 242-7580 .... . 
.. . . . .  
. . l l l s 9 8 $ 3 .  _ _  24Z.*k49 . _. 2+2.+.449 
.. 1 1 7 ~ 7 6 0 3  ... 2+2.3710 ..... 242.3710 
. - 1 2 W i U E .  L I Z d U 2  _ _  . - L C L d l l E  
129.3120 -_ 2132515 - 243.2515.  
. 135,0878 .. - -2$3.6917 . . 243.6917 
. 140,8637  .2!14.1320.. P44..132Q 
145.6395 . . 2CZ15.722 . 244-5722 
152.415.3  2 5.0124 . 245.0121 
,163.9670 . .  24.5.8929 245.8929 
. 169-7430 246.4390 ,246 .4390 
1.75.4196 ... 2C7.6807 . 247.6807 
1.81.2962 .. 248.9225 24B-9225 
187.0729 250.1642 250.1642 
199.6262 . 252.b477 .252.bS7.7 
204.5028 . 253.8894 .253.18894 
. .215>95bl  ... L55.3728. . . .  . 2 5 - 6 3 7 2 8  
. 224s6323- .  .. 2 5 8 . a 8 5 P 2  2 5 B ~ r 8 5 9 2  . 
.. 159..1912 . 245-45U  -2.451i.4527. . . . .  
.... . 1 9 . ~ . a w 5 .  at'tw.9.. . - - 2 5 ~ 4 0 ~ 9 .  . . .  
. 2 1 0 . 1 7 9 5 . .  . . .255.1311 ... 2 5 5 1 1 3 1 1  . . .  
_..22lr7.329, . -2579.6146 . . . .  257.06146 . . .  
229.3231 260.1134 .26O.1134 
232.3.900 261.3675 261.3675 
235.2589 . . .  262r.6217.. . . . .  242.6217 
238.1278. 253r8759 253,8759 
240.9967 265.1300 265.1300 
... .243.8616. .... _ _  26613.842.. . 264.3.8.42. . .  
246.7345 261-5381 267.6383 
249.6033 -218.8925 268.8925 
252.4722 . . .  270.1467 2 7 0 * 1 4 6 7 .  
258.2100 .. 272.6550 , 272.6559 
255.3411 271.4008 271.4008 
_ .  - -. .. - ..... - " " ._ -. . . .  - - . - - ........ 
. . . .  . .  
. _  
.. ._ 16  
. -18 
" ..... -20 
1 2 1  
" 3 3  






. . . .  5.80869 
















" .  ... 
NACELLE GEOMETRY 
. . . .  
O R I G I N  ' ( X I Y I Z J  
213.42000  16.33000 -5*8OOOO 
O R I G I N  ( X s Y r Z  J 
. .  
218.67000  31.25000  -4.90000 





















21  52500 
28.03700 
3 2 ~ 0 6 7 0 0  
35.04000 
.................. - .- . - . - ....... . " 
... . . . . . . . . . .  . " -. __ - "
. - "" - . __ 
. . . . . .  - . " ......... 
. . . . . . . . . . . . . . . . . . . .  ....... 
. .  
- 
............................. 
. . . . . .  
. . . . .  
.... - . . . . . . . . . .  -. ... 
. ._ 
WING S L O ? E S   S E T  TO Z E R O   F O R   U P Y A S H   P R E S S U R E   F I E L D   S O L U T I p N  . .  
. . .  
FUSELAGE 
PER  CENT  CHORD 









... 70000  
-. . .  eo.00. 
. . . .  9 0 0 0 0  
. . .  
" .. , .lOP,QP . . 














AREAS  ABOVE  AND  BEL0.Y WING. 
















. - ". .- ---_I_.--- ~ . ". 
. . .  
X P C T  

































































e 0 2 6  
-023  
FUSELAGE  UPYASH ACTING ON YING AT 
20.00 30.00 40.00  50.00 

















































































ALPHA. 0.00 D E L  
60.00 70.00 



































e172 . . 





























r O l 8 . .  




















. e055 .. 
.a37 
* 019 
























. -  
- ......... 
" - ... . . . . . . .  - . ...... 
KPCT , . 9.00 10.00 
.. - . . . . . . . . . . . .  
.YIBI2 . . 
. - .  
0.006 ' . '  ,0164 .. ,0353 
. a . 0 2 5  ..Ql64 . ,0353 
" . . . .  
050 . . .  " - 
.. e0164  e0353 
,075 . e0164  e0353 
,100 .0404 .0122 
-125 0379 - 0 0 8 4  
. .  
- 
. . .  
. - .. 
. . .  
. -150 e0362 -0054 
-175 e 0 3 5 0  e0029 
.zoo e 0 3 4 0  e0006 
e 2 5 0  -0277 - e 0 0 3 0  
. . .  . .  
" 
. .  












. .  . . . . . . . . . . . . .  ........ ......... " - - - ." "" 
-.0253 i.0243 -e0307 .-.0141. ~ 0 1 7 2  .0223 .(UBl. -0158 . . . . .  . .  
. ...... . .................. . - .. - .- - 
-e0253 - e 0 2 4 3  y.0.307 -a0141 -&77 -0223 ..OZB1 -0158 . .. . . .  
- ........ .. " . - .. -. ..... - . . . . . . . . . . . . .  
-e0253  -e0243 -e0 07 .-a0141 ,0177 . e0223  .ozel  a0158 
"0216 -mol93  e0237-1 11 ,0124 ,0163 e0216  e026  
-a0200 "0179 -e0205  -e0231 . ,011 2 a0148 . e0195 -0217 
-e0188  -e0168  -e0179  -e0249 .0101  a0134  a0158 -0192 
. .  .. - . . . . . . .  . .  
. . . . .  . . ". . .  
_ .  . " . .  . .  
-.0169  -.0153 -mol47 "0233 -..0035 . .0101 . a0126  .Ol 5 
-.0095 
- e 0 0 8 5  
. -  
. .  
Yl8l2 
. .  
0.000 
,050 
- . .  - 
.loo 




































































































































._  NACELLE PRESSURE..FIELO. . . .  
X,PER CENT CHORD AND PRESSURE-CO€FF.ICIEHT .. 
GLANCE SPLUTION.. . . - .......... 
. . . .  






































































































































. .  
. . . . . . . . . .  - . - . . . .  
. . . . . . . .  
. . . .  - . . . . .  
. . . . . . . .  _ .  
. . . . . . .  
00.299 ..... 89.470 
, ’  
. . . . . . . . . .  
. 0 3 m  .a3100 
. . .  
240.76k 













. .  
































, 292  
e250 




. .  . 
_. .400 
" ... 
-. . ..  

























. - 0*000 
93.734 
0.00000 




















































































































































































































8 4 . 2 4 6  
99.557 














100.015  100.981 

















































































8 8 . 7 7 4  










. .  
. ,03328 
89.463. 
. .  
















. .  
. e02831 
. .  
234.152 
. . .  
, -  - 
84.323 
-. 02766 
- . _  
.90.639 












































. .. . . 
I 
- ........... "" ............ 
" 0.0000.0 0; 00000 









8 6 . 3 4 8  
0.00000 






















































242 I 829 
68e.596 






























9 3  260 
,03650 











2 2 4 . 5 8 2  
97.562 































. . 9  L6 16 































































































. . .  
250.322. 
257.634 
. . . . . .  - 
lQQ..O51 
79 L b76 
. . .  - 
. a01962 
,03212 













. . . .  
-. 00119 ,03363 
245.056 
. .  
255.928 












. "  . 
17.773 
- .  
a03082 
. .  
245.973 
. . . .  
79.627 
. . . .  
-03012 
.... 
. . .  ...... 
. . .  
-02 265. 
. _  
z33clau. 
-. . . . . . .  
. . . . . . .  
82.276 
rO2bl2 





. . . . . . .  
241.843 
. .  
79.999 
. . .  
.02007 























260.132  260s421 . .  ... . 
23.2a.625 
- . .- " 
88.800 
















" . -  . 
.026?4 




. . . . . . .  - .. . . .  " ". . . . .  . . . . . . . . . . . . .  ". . 
0.000 84.909 84 .942 85 .887 8 6 . 8 3 2  8 7 . 7 7 7 .  . 98 .722  .. 89 .661 .  . 90.612 91 .557 . 92,502 . 93-44?  
0 .00000  0 . 00  .03276 -03229  ,03183 " 0 3 1 3 7  ,03092 -. , 03946  .03000 .Q2955- a02909 e02864 
9 4 . 3 9 2   9 5 . 3 3 7   6 . 2 8 2   9 . 2 2 7   9 8 . 1 7 2   9 9 0 1 1 7   1 0 0 . 0 6 2  .. 101 .007  . . 
. . . .  - .... __ .............. -. . . . . .  - ..... - . .  
e02818  e02773 .02727 a02682 m0.2637 - 0 2 5 9 2   ' . * 0 2 5 4 7 .  .. aO.2503. . . .  . . .  . .  
,800 235.259 2b2.622 
o..ooo. 100.000 
0.00000 0.00000 
- 8 5 0   2 4 0 . 9 9 7  265.130 
0 .000 100.000 
0.00000 0.00000 
r900  2 4 6 . 7 3 4  267.638 
0.000 100 .000  
0.00000 0.00000 
- 9 5 0   2 5 2 . 4 7 2  270.147 
0 .000 100 .000  
. .  - .. 
.. - . . .  -. .. 
0.00000 . 0.00000 
1 .000  258.210 272.655 
... o~.ooo ioo .  coo 
0.-00000. -. 0.00000 
. . . .  - .. 
- - ................ 
. . . . . . . . . . .  - 
" 
- . . - . . - . " . . .  
- - " -. . - . - FUSELAGE..FORCE . - - - -_ - - . C.OEFFICIENTS 81sE.o ON WING REF. GEOMETRY- . . . .  . . . .  
" .. - ... IGNORIHG-.WING DOWNWASH Ai :ALPHA=. 0.000 PER  DEG. 
. .  
 - ... .- - . - .... - . - . . _. - . 
INCLUDING WING DOWNWASH . 
C L  
C? . . . .  e003958   -000795  e003882 e000889  
. 
-.oooooo , -.oooooo -.000006 -.000217 - . 
AT  ALPHA. 0.000 PER DEGI 
CD ..~0.00001 -.oooooo 000000 - .Q00004 .. 
DEBUG  PARAMETER a10 
DEBUG  PARAMETER = 1 1  
DEBUG PARAMETER =12  
DEBUG  PARAMETER =13  
DEBUG  PARAMETER = I 4  
QEBUG  PARAMETER =15  
DEBUG PARAHETER = 1 6  
. . .  
. . . . . . .  
. . . . . . . . .  ' .  
." . . ... 
. . .  
" . . . .  
. .  
. . . . .  . .  
.... - . -. ...... 
_ .  _ _  0 ~ 0 0 0  . . e00105 .00327 
- . . -. . .e01697 .Ol243 
"025 . ,00121 . r00421 
-01790  e01300 
. -050  -e00395 
001599 
e 0 0 7 4 4  
,01113 
. .  
. . r075  .Oll26  .Ol288 
e01320  ,00905 
. .  




125  e03756 . e03935 
e01116  e00745 
15.0 ,06408 -04193 
,01159 e00746 
e175 .Ob010 ,04233 
.OlZ47  .00172 
.zoo . .Ob110 
-01358 
e04094 
e 0 0 8 4 6  
e225 e06322 .04038 
-01474  e00942 
. e250 _ _  . ,05586 -03909 
e01569  .01068 
. .  




. . . e 3 0 0  ". .. . e05056  e03694 
a01645  a01331 
.325  -05054 a03666 
e01629  .01438 
- 3  50  ?05134  e03653 
.01587  e01516 
.375  ,04597 ,03486 
e.01526 .01543 
, .400-  e04622 
-01k68 
-03559 
" .  a01529 
. . .. . .. . 
10.00  .20*00 . 30.QQ - LO.OQ.. 50.00 - .60.00 70.00 
, . . , . - . - - . . - .. - . . . . . . . .. . . . -. . . 
. . .  
. . . . . . . . . 
_ .  . - . . . . - . . . .. . . . . . -. . 
. .. . .  . 
. .  
. , . . . . .. . . . 
. . . . . . . 
. . 




-02295 mO2614 .02163.  a02055.  a02811 .. a 0 2 6 3 4  
.01244  e 2319  a 593-022C7 . . . a02428  . e03304 .0305e 
no1662 mO2464 .02682 -02528  .02827 mO2896 a02825 
a02565  -02196  .02210  e02209 . a02309  a02454  a02595 
,02802  ,01968  e02050  e02061  208  . -02198  -02394 
e02852  .01821  a01939  -01966  no1925  a02019  .02Zll 
.02738 01  753  e01852  .018 0 .01822  a01874 e02 61 
e02779  e01669  e018 6  ,01796 s 01762  e01762  a01922 
a02743  .01607  -01738  -017 8  .01710  ,01683  e01787 
.02653 .01563  ,01673  e01725 
-02683 .0147l  e01655  -01687 
-02539  .01468  -01639  e01655 
,02582  a01565  -01 606 -01639 
.02600  e01616  -01598  .01601 
,02530  -01662  .01558  a01167 
e02658 e01732  .01498  e01564 







.. .01616. . e01674 
,01553  ,01596 
001499 . .  e01539 
.o14te  !01485 
-. . . . .. . . . . . - -. . 























. .  
525 
,550  




























































































































































.. .. - 
_.  . . ._ 
,0154.0. r01516  
. .  .. . 
~ 0 1 4 3 6 .  .. ...01346 
,01535  . . 
01509 
. . .. 
.01461 
e01443 
































mol418 . e01343 
.Q1409  -01343 
. . . . - . . 
-01426 
















































-01956 . .  
. .  
.. . . . . . .  - 
............ . . . . . . . . . . . .  
1 . 0 0 0   e 0 1 0 3 7   - 4 9, 6 1. 8 40 1 1 8 . ~ i u o .  . .D.UC~. . - .. . u 1 ~ 7 ,  . . o u &  - 
e 0 1 1 5 1   e 0 1 1 4 5  
e 0 1 1 5 8  
. . . . . .  " 
. .. 
* + * , * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * - * * ~ . , * . * h ~ * ~ * . * . . + . 2 . * . ~ * * . ~ t * * * * * * * *  
TEA253,  17  LOADING  VERSION OF OCTOBER 901 1Q75. . - . . . . . .  - .  
. . . . . .  - - " . . . .  - 
OPTIHUH COHBINATION OF 17 UING L O A D U ~ G ~  - . . . . . .  . . . .  
. . .  
9 6 9 - 5 0 0   1 7  LOAD CHECK CASE 22 SPAN  STA. U I T H  FUSELAGE AND Z TERMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  
NUHBER OF PLANFORH  BREAKPOINTS = 9.0 
. _  NUMBER OF SEHISPAN  ELEHENTS * 40.0  
NUHEER. OF S P A N  STATIONS FOR CAHBER S U R F A C E  = 2 2 . 0  
SPAN  STATION FOR PARABOLIC APEX = -0.0 
FLAT. PLATE UINTRRL.   FLAG * 0.0 
..SHOOTHING. FLAG * 1.0 
. P R I N T - F L A G  * . 2.0 
. .RESTART  FLAG = . 1.0 
. . . . .  
... . .  
. . . . . . . . . . . . . . .  . . - .  
BASIC HACH  NU BER = 2 7000 . . .... .-.DESIGN f-L: .... 
CBAR * 106 .4100  
. l o o 0  
. . . .  ... -. . . . .  N U M B E R  OF LOADINGS. = - -. -17.0000 
..... . P I T C H I N G  HOHENT CENTER  AT 187 .0000  NUMBER aF. _CAMBER ORDINATES. !. . . .  12 .0000 
C-H-0 CONSTRAINT = 
. .2.0000 
-0060 . .  - _ _  ... .--EUSELU;E.ALPHI-* ..... 0.0000 
SPAN  STATION FOR SIDE-OF-BODY . 
" . .  
. . ".  
. - . .  REFERENCE AREA = 9 8 9 8 . 0 0 0 0   N U W E R   D F . ? D l N i S  DEFINING ARBITRARY  .R€GlON. = 
_ _ .  . 
. . -  4.9688 NUHBER. OF..BOOY LAMER O R D L N A E S  . =  . . 19 .0000  
......... - ........... " 
. . . . . . . . . . .  .............. 
CAMEER- SURFACE OPTION FLAGS = 1.0. 1.0 I*O. L,.O . . . .  .- .... "" .. 






. ." . " .  . " - .  "" - 
. . . . . . . . . .  - 
5 . C O N S T R A I N T S  ARE A P P L I E D   0 . N - O R O I N A T E  . . 
. .  
- . . . . . . . . . .  - . 
. . . . . . . . . . . . . . . . . . .  
" CONSTRAINT L O C A T I O N S . .  . . . . . .  - . .- .-..: 
. . . . . . . . . .  
. . . . .  1 . . .  130.850000 . 4.968600  -4..070000 
2 .  . 
3 , 243.390000 
189.000000  4.9688 .  -10.160000 
4.968800 
4 189.000000  6.62500  
-14.110000 
-8.320000 
. .  
. - . . . . .  5 ,. _ _  , 189.000000  8.281300  -7. 00000 
. .  
1- 
- 2  
3 
4. 






( L E A D I N G   E D G E 1  
X 











P L A N F O R M   D E F I N I T I O N  
. " 
X 
Y CHORD ( T R A I L I N G   E D G E 1  
. -  
" ..... ." . . . . .  
0.000000 
4.968800 
183.881700  243.8 '100 . 
6.625000  160.1330   243.2370 0 
166.070000 243.398000 
. .  
. . . .  
9 510000  49.790000  242.955000 




77.295000  246.275000 





ORDINATES  FOR  BODY CANBER L I N E  
I X z I X 
1 0.00000 10.00000 
5  66.67000 4.17000 
2 16.67000 8.55000  3 
6 83.33000 2.73000  7 
9 133.33000 -1.60000 10 150.00000 -3.04000 11 
13  200.00000  -7.4 0 1 4  216.67000 - 8 , 8 5 0 0 0  15 
17 264.67OQO -13.20000  18 283.30000 -14.60000  19 
. . .  
z . .I 
.. 
. .  
X .. z 
1 0 0 ~ 0 0 0 0 0  . 1.28000 8 116.67000 . -a14000 
33.33000 7.10000 4 50.00000. 5.64000 
166.66000  -4.5 0 12 183.33000 -5.90000 
295.00000  -15.70000.. 
233.33000  -1 .25000 16. 250.00000 -11.70000 
. . . . . . . . . . .  
. .  
1 
. .  
. . . . . . . . . . .  VALUES OF SEMISPAN L O C A T I O N  AT YHICH WING .CARBBEB~~~PEACL.HLLBL.ULCULAED .. _- .......... . . - - - - -. -. -. - " " - . . - - - - " " - 
. .  .......................................... -. . . .  
~0.0000 , 1.0000 2.0000 3 I 0000 4.0000.. 5.000D.. ... bO.QOQ- . . .  . L . O O O O  . . . .  .OORD. . . .  10.0000 
_ _  12qOOOO  14.0000  16.0000 19.0600 22.0000 _ _  25a00D0 ._ ~ ~ 2 0 L o o Q O ~ ~ " 1 ( 2 r p o O O .  M..- ._ 36.0000 
3B.0900 .- 40eOOOO . . . . . .  " ... ". ...................... 
..... - . . . . . . . .  - - . . . . . . . . . . . . . .  G
WING GRID SYSTEM  PUTS  SIDE-OF-FUSELAGE AT Y =  4.14063 AT  EDGE OF ELEHELLI_RRY= 3 . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  
SPAN  STATION OF ORDIMATE  CONSTRAINT 1 IS CHANGEO  FROM 4,96880 .TO ..... . .4.96871 . . . . . . . . .  
. . .  
. . . . . . . . . .  
_ .  . .  
" . " 
SPAN  STATION OF ORDINATE  CONSTRAINT 2 IS CHANGED F R O H  .4.96880 TI1 ... 4196875 . . . . . . . . .  
. __.I "" - . - _. ". . - . ." " . 
SPAN  STATION OF ORDINATE  CONSTRAINT 3 I S  CHANGED FROM 4.9680.0~TO .. $196835 
SPAN STATION OF ORDINATE CONSTRAINT 5 IS CHANGED FROM e.zeno. TO . . e.zsits 
". -. . . .  
. . .  . . .  
LOADING .I FOR THIS C A S E  IS UNIFORM OR CONSTANT (LOADING i I H ~ H E  LOADING DEFINITIONS) - 
LOADING 2 FOR T H I S  C A S E  I S  LJNEAR CHORDYISE (LOADING 2 I N  THE LOADING  DEFIN IT IDNS)  
LOAOING 3 FOR T H I S  CASE I S  LINEAR  SPANUIS€ (LOADING. 3 I N  THE LOADING .DEFINIT IONS)  
LOADING 4 FOR THIS CASE I S  QUADRATIC  SPANYISE (LOADING 4 I N  THE LOADING  DEFIN IT IDNS)  
LOADING 5 FOR T H I S  CASE I S  QUADRATIC  HOROYISE (LOADING 5 I N  THE LOAOING  DEFINITIONSJ 
LOADING 6 FOR. T H I S  CASE IS PARABOLIC  HOROYISE (LOADING 6 I N  I.HE LOADING  DEFIN IT IONS)  
LOADING 7 FOR T H I S  CASE I S  CUBIC  CHOROYISE (LOADING 7 I N  THE LDADING  DEFIN IT IDNS)  
LOADING B,FDR  THIS CASE I S  S I R I L A R  TO FLAT WING (LOADING B I N  THE LOADING  DEFINIT IONS)  
LOAOING 9 FOR T H I S  CASE I S  SQ. ROOT  FROM 1. E. (LOADING 9 I N  THE LOADING  DEFINIT IONS)  
LOAOING 10 FOR T H I S  CASE I S  E L L I P T I C A L  C-SUB-P (LOADING 10 I N  THE LOADING  DEFINIT IONS)  
LOADING 12 FOR T H I S  CASE IS BODY UPYASH LOAUING (LOADING 16 I N  1HE.LOADING  DEFINIT IONSJ 
LOADING 13 FOR T H I S  C A S E  IS NACELLE BUOYANCY (LOADING 17 I N  THE LOADING  OEFINITIONS) 
LOADING 14 FOR T H I S  CASE I S  NACELLE  BUDY(CAMBER) (LOADING 14 I N  THE LOADING  DEFINIT IONS)  
LOAOING 15 FOR T H I S  C A S E  I S  BODY UPYASH  (CAMBER) (LOADING 13 I N  THE LOADING  OEFINIT IONS)  
LOAOIN6 16 FOR THIS CASE IS BDOY BUOYANCY TERM (LOADING 15 I H  THE LOADING  DEFINIT IONS)  
LOADING 11 FOR T H I S  CASE I S  LINEAR I N  ARBeREGIDN  (LOADING 11 I N  THE LOADING  DEFIN IT IDNSJ  
LOADING 17 FOR T H I S  C A S E  I S  BODY  BUOY. (CAMBER)  (LOADING 12 I N  THE LOADING  DEFINIT IONS)  
XIC(PERCENT) FOR INTERPOLATED C A H B E R  S U R F A C E  ORDINATES. 
.. ". D € ~ l l 4 l T I ~ N  OF ARBITRARY  REGION FOR LOADING 11. . - . 
Y 
0.00000 66.25000 
x -  
207.00000  269.80000 
,ARBITRARY RECXON DEFINIT ION  (LOAOING 11) 
F ~ A C T I O N ~ O F  S E M I S P A N  
0.00000 1.OOOOO 
FRACTION.OF  LOCAL CHORD 
. .79943 -80235 
. .  
NACELLE NUMBER 1, O R I G I N  AT X . 
Y .  
2 -  
NACELLE  LONGITUDINAL 
0.000000 2.008000 
N A C E L L E   R A D I I  ( R  HAS 
2.865000  2.983 0 
NACELLE X AND RADIUS 
NACELLE  LONGITUDINAL 
. . . . . . . . . . . . . .  " ... - " ........ . .  
213.42000000 .......... ." ... - .  
lbm33000000 - .  . . . .  ..... - . . . .  - " .... 
-5m80000000 . . .  . . . . . . . . . . . . . . . . . . .  " . . . . . .  
. ............. - - . . . . . . . . .  " 
COORDINATES ( X  HAS B E E N   M U L T I P L I E D  BY 1.004000401 . . . . . . . . . . . . . .  
15.410000  21.525000  28. 17000 32.0671)OO . 15.040000 
" . ._ 
. .  
. . "  . .  
. .  
. . . .  
BEEN M U L T I P L I E D  BY 1.000000001 . . . . . . . . . .  .......... ." ...... 
3.633000  3.77 0  .6540 0 3.420000.. 3.420000 . 
" .  - 
. . " 
.. . . . .  
T A B L E S   E X P A N D E D  T O  40 ENTRIES B Y  LINEAR  INTERPOLATI.ON, AND x HAS  BEEN-TRANSLATED 
COORDINATES ( x  HAS BEEN MULTIPLIED B Y  1 .00000000)~~  
. . . . .  . . .  .. ~ 
BY THE ORIGIN-X~.: 
213.420000  214.318462 215.216923 216.115385  '217.013846  217.912308 218.810769  219.709231  220.607b92 221.506154 
231.389231  2.287692 233.186154 234.084615  234.903077  235.881538 236.780000  237.678462  238.576923 239.474385 
240,373846 t41.272308 242.170769 243.069231  43,967692  244.866154 245.76.4615. 246.66307_7 .247.561538 24B.460000  
222.404615  223.303077  224.201538  225.100000  225,998462  226,896923  2 7.795385  228.693816  229.592308  230.490769 
N A C E L L E   R A D I I   ( R   H A SB E E N   M U L T I P L I E D  BY 1.00000000l 
2.865000  2.917798  2.970596  3.016190  3.059571  3.1 2 52  3. 46334 3.189715 3.233097  3.276478 
3.319859  3.363241  3.406622  .450003  .493385  3. 36766  3.58 148 . 3 29- 3.648890 3.669219 
3.689547  .70 876  3. 30204  .75 533  3. 69320  .7532 6 3.737212 3.721158 3.705104  3.689050 
3.b72997  3.656943  3.611604  3.55 693  3. 07782  3.455871 3.420000 3.420000  .   3.420000 
N4CELLE NUHBER 2, O R I G I N  AT X 218.67000000 
Y =  
1 .  
31.25000000 
- 4 ~ 9 0 0 0 0 0 0 0  
........ "" .......... " 
.......... - " ." ... 
. . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  
......... .- ...... - . .  
NACELLE  LONGITUDINAL  COORDINATES ( X  HAS  BEEN  ULT IPL IEO BY 1.040400001 . " . 
. . . . . . . . . . . .  
o.oooooo 2.008000  15 .4 toooo  21 .mooo 28.017000 3z.abtaoa -35.04ooaa 
- 
.. . . . . . . .  
. . . . . . . . . .  
. . . .  . . . . .  
. _ _ .  , - ._. N A C E L L E   R A D I I  ( R   H A S   B E N   M U L T I P L I E D  BY 1.00000000) 
-. " 
..... ". .... -. - - - ..... 
. . .  ... 
" 
2 L ~ 6 5 0 0 0  2.983000 3,633000 3.770000 .3.654000  ZOODO. DO. 3.424oon 
.. .- - " .- - 
..... . .  
". . . . . . . . .  . . . . . . .  .. " 
" 
. . -  
BODY BUOYANCY  PRESSURES  AT THE-EOLLOYING XIC_LP€RCENTTL .. 
. ... - . - 
-. . . . . . . . . .
0.00000 10.00000 20.00000  3 .00000 . - + O ~ ~ O Q O O O  . .50~OQ000... bO9OQOQ -....~. 00 Q" .. -BO~OPQOO 90.00MO ". . . 
.... 1.~.0.*.00P00. _. - _ .  - - - . 
30.00000 35.00000 40.00000 45.00000 50.00000 
0.00000 2.50000 5.00000 7.50000 10.00000 
10,0.00000 , . 
BODY PRESSURES ON THE  YING  UPPER  SURFACE 
-.024245 ' 
-e034637 



























- .. . 
-.032104 _ _  . -,e014913 
-.016107 . 
-.010955 
-.02?202  -.012715 
-.009595 
"019293  -e0108 6 
-.007717 
. .. - e014401 _ _  -e008147 
. .  -.006266 
. -..011306 -.005504 
. -.002?2? 
-a009317  -. 0 40 
. .  
,001253 
" " -a005979 I :.001043 
-.000799  -e 0227 
.005082 
e003561 . 
-. . . -. . . 
... . -.002570 . .  -.000805 
























































































.l5.0POOO ' . i 2 . 5 R O O O  -20;OMOo 












, o o 8 $ t i .  
.006386 
-0Q4609 























.. . . . 
-. 02i32b 
-e021326 
















.. . _ .  
..*DO2557 




-. . . . . . 
























._ . ..................................................................................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
" -. . . ' - C - * * * * * * * * C C ~ U I Z I l I Z . ~ * ~ 4 ~ ~ . ~ ~ * + * ~ * * * * * * * * * * * * * + * * *  




























-.014811 - 003779 




























































































- e 0 0 8 0 3 5  
-e007802 
-.007425 
- e 0 0 8 6 0 3  
-e009588 
-a010413 
















































. 0008 96 












. .  
a000964 .. .*000363 
.. . ". 



















-. 006229 . .  
-.ad8052 , 
. .  
-a009432 

















. .  
-moo7529 
"009222 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  













































































































































































































































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  























































A N 0   S P A N Y I S E   L O C A T I O N S   ( P E R C E N T   S E N I S P A N )  
.. . 
2.50000 5.00000 7.50000 
27.50000 30.00000 32.50000 
77.50000 .80.00000 82.50000 
52.50000 55.00000 57.50000 
B O D Y  U P Y A S H   L O A D I N G  




































































































































~ 0 1 6 0 1 3  
015669 






- . - . . -. 
". . . - 
15.00000~ 
40.00000 
65 ODOOQ . 
9D.OQ000 .~ 
. .. . 
. O L P B O ~  
.. . 
17.50000 20mQOOOO 
42.50000 . 45.00000 
. -67.50000 . 7QaOOOOO 
..Q2.50000 . 95.00000 
.020551.. a028112 028343  
, 0 2 4 2 8 3  .033044 . a.030582 















. .. " 
.e015161 




















































-014471 -013663 -01347b 
-014359 .a013458 .013217 
-014178 . . .013428 e013122 
.?. ' . .
.014094 . -013531  -012933 
- 0 i 4 2 5 7 '  .. ... 013C57 a012753 
- _ .  . 
...... .031722 
j . .  . O l t ? Z ?  
... , .038605 
. . .  -013015 
..040015 
. - .*.0&3409 
. e013814 


























































































UPPE.R Y I N G .  S V R C A C E   L I M I T I N G   C P   T A B L E S  
X S T A I I O N S .  
0.00000 100.00000 
Y S T A T I O N S  
0.00000 100.00000 
L I M I T  E-P 






























































. Q l 9 5 8 8   . ~ 0 1 7 2 6 3  . aQl5498. 
.020221.  . a l eo i+  ,016i09 
. . . . . . . . . . . . . . .  - .. 
.0211[19. - a019151 . mu7335 
. 0 ~ i 9 4 6   . 0 1 , ~ 5  . .018301 
" - . . .  
.O22242 .020555 -018938 
e021997 .On0709 ' .Q19i52  
. . . . . .  - . .  
-021947  .021101  .02 184 
e021129-  ,020881  e020256 
e019852 . ,019861  .-019765 
,018127  -018555  -018665 
a015824  .016 14  -016335 
e011432  e011568  e011648 
. .  
m014417 
-014929 







~ 0 1 9 4 3 6  
,018569 
~ 0 1 6 k 5 6  
.011580 
. . . .  *******************************************************************************************.+.*~#~#~~~~*~*~~**+*f~+#*+*#*~.*+*~*~*~~ " _. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  THE MAXIMUM AND M I N I M U M  OF T H E   P R E C E D I N G   A R R A Y   A E  - ~ 1 3 7 0 0 0 0 0 ~ - .   - ~ 1 3 7 0 0 0 0 0  .. *. -: 
. c-P- CQNF~TLIDINAL GRADIENT LIMIT 
- .. , - .002500  . 025 0 
. .  .002500  .002500 
. - .  
.... . . .  . . .  . . . . . . . .  
. ~~***********++**.*i******.*********************+**********************************************~*~~~*+++~*~*~*****.~~~*********f+++*~ _. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
- - - 




XICIPERCENT) FOR YING THICKNEG PRESSUR€. COEFFiCIENT.. _. . 
. - . . . - . .- .- . . . . - . . - . . 
50.00000 , 55.00000 60.00000 65.00000 70.00000 
0.00000 5.00000 10.00000 15.00000 . 20.00000 
100.00000 
SPANUISE LOCATION(PERCENT S E N I S P A N )  
35.00000 4 0 . 0 0 0 0 0  45.00000 50.00000 60.00000 
0.00000 2.50000 5.00000 7.50000 10.00000 




































































































































"015099 -. 026207 
25~00000 
75~00000 





























-.017991- -. 024274 
-e014387 
-.029886 
30.oooo~. ~ L O O O O O  u).aonon.-. ~ ~ o o o o o  . _ .  .. . .. 
8o.ooam. ._ a 5 . 0 ~ 0 0  . . P ~ O O Q M .  - . ~ ~ . o o o M  ... . .... . . . 




































































- - . - 
. - -. . . 
. . . .  
.. . . . 
25 .ooooa 
. 05.0QOOO 
































. . . - . . - - 































































. .  
-e015005 
-.044431 . . 
1 
































































- . 0 0 8 4 3 4  








































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + * + + + * + + + + I + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * O V E R L A Y  1 s  O E P A R T * * * * * * * + * + + + * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
THE  MAXIMUM  AND MINIMUM OF THE PRECEDING A R R A Y  ARE a13398973  -.OS683268





c .  e 0 2 7 6 7 4  C m .0004830 -- ,720744 -- 9 -e089414 "- = -630682 





CAR0 9 P A R A M E T E R S .  
XF - a72074445 SCL9 9 .02767366 KF - ,63068237 AREA9 781.13547925 FACTOR = ' 1.08589045 
w 
P . .  FUSELAGE CONTRIEUTION AND CARRY-OVER LIFT . . - . . ... . 
. . .. . .  . -  
F U S E L A G E   C L O  -mOOOOO COO .000001 CMO a00396 X A C I X M A X O  -12239  . CMOO .e00396 . 
.. . . . . ." 
C A R R Y - O V E R   C P   F O R   L O A D I N G  1 O F   T H I S   C A S E   ( U N I F O R M   D R  C O N S T A N T  J 
. . _ .  - . .  . . . . .. . . .. 
X P C T  
" 
Y I 0 1 2  
0.000 
0 2 5  
,050 
X P C T  
Y 1 8 1 2  
0.000 
- 0 2 5  
050  
X P C T  
Y 1 8 1 2  
0.00 2 .50   5 .00  
70.00 
10 .00  
80.00 
1 5 . 0 0  
9 0 . 0 0  
20 .00  
100.00  
30.00 
0 .00000  0 .00000  0.00000 0 .00000  .09609  62278 
e 9 2 6 1 9   - 9 2 9 9 3   - 9 3 7 1 1  .94577 
0.00000 0.00000 0.00000 .Ob494 
,92996   ,93619  








.68960 e92131 695010 
C A R R Y - O V E R   C P F O R  L O A D I N G  2 OF T H I S   C A S E  ( L I N E A R   C H O R O Y I S E  1 
0.00  2 .50   15 .00   20 .00  
70.00 
5 .00  
80.00 
10 .00  
90 .00  100 .00  
30.00 
0.00000 0.00000 0.00000 0.00000 .00142   ,01658  36442 
1 .58644   1 .90209   2 .220 9   2 .52535  
0.00000 0.00000 0.00000 e00096 
1 . 6 4 2 3 9   1 . 9 4 9   2 . 2 5 8 6 4  
,04115   ,14744   e45471  
2 .55742 
0.00000 0.00000 .00180 .Ob077 - 1 5 6 7 9   - 2 8 9 7 6   - 5 9 4 9 0  
1 .71305   2 .07520   2 .37899   2 .67447  
C A R R Y - O V E R   C P   F O R   L O A D I N G  3 O F   T H I S   C A S E  ' L I N € A R   S P A N Y I S E  
0.00 2 . 5 0  
70.00 
5.00  
00 .00  
10 .00  
90.00 
15 .00  
100 .00  
20 .00  
0.000 0.00000 0.00000 0.00000 0.00000 a02162 14013  
e37042  ,30695,34178  .35670 
.025 0.00000  0.00  0.00000 .01411 
- 3 5 2 4 9  .36906  ,37757
- 0 5 0  0.00000 Om00000 e02752 
e32886  
e11505 
e33591  , 3 4 1 6 3  
, 16473   a22602  
- 3 3 6 4 8  
.09586 .18720 
- 3 1 8 0 5  
40.ilO 
8652 3 
8 6 8 0 6  
-8985  1 
40.00 
- 6 7 6 7 7  




e89054  -91949 ' 
-91921   -94254  
50 .00  60.00 
,96826   1 .27295  
1 . 0 3 8 0 1   1 . 3 3 6 7 9  
1 .17484 1 47197 
30.00 40.00 50.00 60.00 
e25787  -26940  e29815  -32205 
?: , ' 
- 2 6 4 5 1  -27221 . .. -2969.6  e.31657 
-26219  e 853.28  577 30381 
. .  
X P C T  




X P.C T 




X P C T  




- .  . .  . . . . . . . . . . . . . .  ... ................ . - - ._ - 
.. . . . . . . . . . . .  - .. C A R R Y - O V E R   C P   F O   L O D I N G   4 - F   T H I S   C A S E  ( Q U A D R A T L T f U t i U S L L .  __ _ _  
- .. - . . .  - ........ -. . . . . . .  . . . . .  
. . . .  
0.00 2; 50  5.00  10.00  15.00 2QmQQ-.. -30.00 -. - IO.& ~ . 150.00.. 
70.00 80.00 90.00  10 .00 . . . .  . . .  . . . . .  . .  
60.00 
" . . . . . . . . . . .  - . . .  
- -
. - . - - - . - -. ...... -. . .  - . . . . . . .  
. . . . .  . . .  
0.00000 0.00000 0.00000 0.00000 e00324 .02102  -0477   e06160. . e07942 -09385 
e10975  el2440  .13857 e15651 
0.00000 0.00000 0.00000 
e10630 
e00219 
e12132  ,13789  -14856 
,01438  ,02997 . a05147 . - 0 6 3 6 1  . .or849 09052 
0.00000 0.00000 e00413  ,01726 e02662 
.11211 12475 . o m e  10402 ... 
-03812 a05191 e06051 07071 -08193 
C A R R Y - O V E R   C P   F O R   L O A D I N G  5 OF T H I S   C A S E  (PUAO.RATIC C H D R D Y I S E  I 
0.00 2.50 5.00  10.00 40.00 50 .OO 15.00  20.00 30.00 
70.00 80.00 90.00 100.00 
60.00 
0.00000 0.00000 0.00000 0.00000 
1.86474  2.65610  3.590 9  4.61368 
.00001  -00553  -09921 33698  a70923  1.21 33 
0.00000 0.00000 0.00000 
1.98557  2.77348  3.69595  4.709 9 
.00001 ,00337 02257  e15315  a41932  a.81145  1. 146
0.00000 0.00000 
2.26305  3.07872  4.02271  5.05940 
.00002  -00531  ,0278  0741 6 e26222  ,57725  1.01419  1.57 1  
C A R R Y - O V E R   C PF O R   L O A D I N G  6 O F  T H I S   C A S E   ( P A R A B O L I C   C H O R O H I S E  I .: . 
. 0.00 2.50  5.00  10.00  15.00 20.00  30.00 40.00 50.00 60.00 
70.00 80.00 90.00  100.00 
J 
0.00000 0.00000 0.00000  0.0 000 
2.50492  2.1 203  1.45458 
.00578  a261 4  1.28 34  2.04478 . 2.43691  2.59806 
.55339 
0.00000 0.00000 0.00000 
2.49415  2.08979  1.41760 
,00390 
-51820 
0.00000 0.00000 e00735  ,23820  ,58449 1.03169 1 .883a3   2 .411~   2 .6734   2 .71~  
2.51129  2.05063  1.33468  .39642 
-16177  -55681  . 3498 . .2.17883  2.51116 . 2.62806 




Y lBt2  
. .  ". 
0 0 0.00 
,025 
-. . . . . . .  
..... ....... - 










CARRY-OVER C P  FOR L O A D X ~ G .  
. .  . . . .  
2.50 5.00 
80.00 90.00 
. 3.26304 3.97682 
0.00000 0.00000 
. 3.56362 4.0513L 
0.00000 0.00000 
,050  01000 0 0.00000 
3.23875  3.84929 4.30423 
.00005 
CARRY-OVER C P  FOR LOADING 








. .  
Y l B l 2  . . . . .  
. - - - . - . ._ . 
. . .  
0,000 Q100000 0.00000 0.00000 
,74669  068248  e63953 
a025 0.00000 0.00000 0 ~ 0 0 0 0 ~  
. . . . . . .  * n b t 5  . . 6 m 2  ,65017 
e050 0.00000 .0.00000 ,29531 
e68818  a64407 e73832 
. .   . .  
CARRY-OVER C P  FOR LOADING 
... 
- -. . . . . . .  
. . X P t T  ' _  . 0.60 2.50 . . 5.00 
TO. 00 80.00 90.00 
'_ Y I 0 i 2  
. : "C!..OOO 0.~0OQOb 0.00000 - 0.00000 
. .  
-. . - .. _. ._ . . . .  - . - . . . .  
, 1.16160 . 1.00145 , ,81854 
. . . . . .  ... 
rO25 .9:+09.099 . . .  OtOOOOO. . QaQOOQO. .. 
. . . . .  - . L l 4 7 0 . 7  . . -9933.7  .81614 
. . . ... - - - -. " -. _ _  ." - .- . . .  
005Q - 0cO.OQOD 0.00000 ... . . .2 4008 
. . . . . .  - 1*.1406B 1.98235 -79139. 
._ 
. . . . .  
10.00 15.00  20.00 . 39.00. . . .  40.00 .. 50.00 60.00 
100.00 
- " 
. . . . . . . . . . . . . . . . . . . . . .  
.... - . . . . . . . . . .  
" . . . . .  - . " .- .. . . . .  - . . . . . .  - 
- .  
. . . . . . . . . . . . . . . .  
0.00000 e23201  1.27193.  1.45810 . .  .93603 . .a5827 
-61009 
,15679  ,88187  1.45715  i.32356  a90573 85082  e80357 
-61093 
82254 
. . .  
- . . . . .  - . . . . . .  . .  
1.02276  1.21363  1.49740  1. 817  90264 84564 
e61603 
. . . . . . . .  . . . . .  
. . . . . .  - .... "" . . . . . .  
" - 
9 OF THIS C A S E  (sa. ROOT FROM T. E. 1 .  ...... - - . . . . . . . .  





. . . . . . . .  " . - 
. . . . . . . .  - .... " 
1 i 2 7 4 0 7  . . 
..... - . . .  
1 
......... . - " ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
.. ...... ..€AR_RY-OYER CP F U R  LOADING 11 OF THIL CASE . L L W E A R .  IN-ARBIRLGLII~(L. - .L .. 
__ "" 
. _" - . - .......... - . "" ..... . . . .  
. 0 . 0 0 0 ,  , _  0,00000 - 0.00000 0.00000 0.00000 . - 
. , . . .  0.00000 _ _  0.00000 e02361 e 32718 
I. 
- ...... - . - .... - . . . . . .  - . .  -. ". 
. . . . .  -. .......... PrQP0.00 . 0.00000 e04937 a34620 
"-rO3Q .--B,QOOO& O..OOOOO . 0.00000 0.00000 
. . . .  - Q.00009. . 0.QOOOQ. ... - 1 2 4 4 4 .  . e41148 
* 
. . - - O ~ D O O D O .  o.ooooo- . . 0.ooOoo . . o.00000 
.~ . . . - . . . . .  . . .  
- ... . . . . . . . . . . . . . . . . . . .  - . . . . .  
. . . . . . . .  - .  . . . .  CARRY-OVER t e  .FOR . L O A D I N G  1 4  b~ THIS 
- . . .  -. . . . . . . . .  - .... . . .  
. . . . . . . .  -. ........... 
-.PrPPO Q.MPDD . . O ~ O O O O O  0.0.0000 .O.OOOOO 
. . . . . .  ..9.0.00(10 . 0 ~ 0 0 0 0 0  0.OOOOQ . ,00544 
lQZ5- ... .QrO.QOW . .0.00000 . . .  0.00000 . . .  Q.OOOOd 
. . " .. - 
. .  
...... - ....... - . -  . .  . .  
- ...... PLO.QQOO ....... O..O.ODPQ . .o.aoooo ... _ . o o a n  
. . . . . . .  - . - ...... " ........................... 
. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - 
. - .................................. ..I . .  
. . -. , . . " . . - . - . .- - . -. - . ." - ". .- . 
. o.oooo.o . O_.OOOOQ .. ~o_Iooooo. ... Q..QQQOO. .. oroooao. o.ooooo 
............. - . . . . . . .  - -. - ....... __  . . .  
.......... - .... - ... - - __ . - .. - . - ... 
0.00000.. . D * n n O M  . - 9 L 0 0 0 n Q . - . A Q O n a n  . a A n o o o 1 .  0.00000 
. . . . . . . . . . . .  __.._ .......... 
. . . . . . . . . . . . . .  - . - ...... - - . - - ........ " . . .  
0.00000 - - -Q.M000"hWDQD--"O~O000~ -Qco0000 0.00000 
. . . . . . . . .  " . - - ..... - . - . "" .. - - ..... ... 
................ - . "_ ... - ...... - ... 
.U..Oe. 2 O a " 4 U U - - - - S L O D - - -  60.00 ... 
-. ........ .- -. ............ -. ............... "" .. -. - .. " _" . 
- X P C T L Q L ~ & O  L O Q  
__________ LQrQO 3 0 ~ 0 0 .  ......... 90.OQ .lO.O&Q"-. - 
" .............. .................................... ---__..____. .. 
. .  ~ . ......... - ... - .. " ... " ... - .... - ... - . " .. , ..................... 
... - . - ..... .- . . .  . . . .  . . . . . . . . .  ". -. .. . .... . . . . . . . . . .  ____ _" -- - - "" 
. . . . . .  _ _ _ _  . . . . . . .  " "_ "" .......... .. 
. " . 
- . , . . . . . . . - . . . . .  - - . . . . . "" . - . . . . ._ . 
.. . . .  YING DATA FOR UNIFORH OR CONSTANT LOADING . - .  
Q69-500..1? LOAD.CHECK C A S E  22 SPAN STA. YITH €USELAGE AND 2 TERM . ... 
. -  















































c - ,938399 c -  
L 0 
S 








INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
.INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
1NTER.FERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 



























SECTION STC T I  ON 
C C 
L M 
7409501 -. 6845282 
e 7758395 -a7372558 
e8387086 -a8141165 
1 ~ 0 0 0 0 0 0 0  -.9656284 
1 ~ 0 0 0 0 0 0 0  -1.0192347 
1 ~ 0 0 0 0 0 0 0  -1.0764594 
1 ~ 0 0 0 0 0 0 0  -1.1383784 
1 ~ 0 0 0 0 0 0 0  -1.27'e7008 
1 ~ 0 0 0 0 0 0 0  -1.4451936 
1 ~ 0 0 0 0 0 0 0  -1.6352923 
1 ~ 0 0 0 0 0 0 0  -1.8640200 
1 ~ 0 0 0 0 0 0 0  -2.1461007 
1~0000000 -2.7130599 
1 ~ 0 0 0 0 0 0 0  -4.6326307 
1 ~ 0 0 0 0 0 0 0  -3.4670189 
1 ~ 0 0 0 0 0 0 0  -6.6821074 
1 ~ 0 0 0 0 0 0 0  -8.0063824 
1.0000000 -9.0987203 
.. . 
1.0000000  -1.2058524 
1 ~ 0 0 0 0 0 0 0  -12.3067406 
1 ~ 0 0 0 0 0 0 0  -14.7858920 
1.0000000.. -18.3990688 
X 
--- * .714229 K -734870 C P  
L E 
-e072721 C * .019612 
M 
0 
2 ( LINEAR CHOROYISE 1 ON LOADING 
4 ( QUADRATIC SPANYISE 1 ON LOADING 
3 ( LINEAR SPANYISE ) ON LOADING 
5 (QUADRATIC C H O R O Y I S E  I ON LOADING 
6 (PARABOLIC CHOROYISE 1 ON LOADING 
8 (SIMILAR T O  FLAT  YING) ON LOADING 
7 I C U B I C  CHORDYISE ON LOADING 
1 0  ( ELLIPTICAL C-SUB-P I ON LOADING 
12 ( B O D Y  UPYASH LOADING 1 ON LOADING 
13 ( NACELLE BUOYANCY 1 ON LOADING 
15  I B O D Y  UPYASH ( C A M B E R ) )  ON LOADING 
14 (NACELLE BUOY(CAM8ER)) ON LOADING 
16 ( B O D Y  BUOYANCY  TERM 1 ON LOAOING 
9 (sa.  R O O T  FROM T. E. ON LOADING 
11 (LINEAR I N  ARBeREGION) ON LOADING 

















(UNIFORM OR CONSTANT 
(UNIFORH OR CONSTANT 
(UNIFORM OR CONSTANT 
(UNIFORH OR CONSTANT 
IUNIFORM OR CONSTANT 
IUNIFORM OR CONSTANT 
(UNIFORH OR CONSTANT 
(UNIFORM OR CONSTANT 
(UNIFORH OR CONSTANT 
(UNIFORM OR CONSTANT 
(UNIFORM OR CONSTANT 
(UNIFORH OR. CONSTANT 
(UNIFORM OR CONSTANT 
(UNIFORM OR CONSTANT 
(UNIFORM .OR. CONSTANT 
(UNIFORM OR CONSTANT 
1 IS 
1 I S  
IS 
1 I S  
1 I S  
1 1s 
1 IS 
1 I S  
1 I S  
1 I S  
1 I 5  
I IS 
) I S  
1 I S  
I S  




















. .  
. . . .  Y .. 
" .. . . .  
0 1 2  
. -  
CHORD 
. "" . - . - " 
... , . 0 .0000000 .~  
.0250000 
.0500000 
.0750000 . .  
"" . 
. .  .1000000 
.. .1500000. 
. . .  .1750000 
.2000000 













































. I N T E P E E S E N  
. . INTERFEREN 
INTERFEREN 





E DRAG OF LOADING 
E DRAG OF LOADING 
E DRAG OF LOADING 
E DRAG OF LOADING 
E DRAG OF LOADING 
E DRAG OF LOADING 
E DRAG OF LOADING 
C 






INTERFERENCE DRAG OF LOADING - INTER_FERENCE DRAG OF ,LOADING _ _ _  WIEREERENCE. DRAG OF LOADING 
!N.TEEFERENCE DRAG UF LOADING 
. LNTEREEBENCE PRAG OF LOADING 
INTERFERENCE O R A 6  OF LOADING 
.. INTERFERENCE OR4G OF LOADING 
. ..INTERFERENCE D R A G  OF LOADING 













, 8 4 5 6 5 3 0  













c e  
. . . . . . . . . . . . . . . . . . . . . .  . .  
. le0303936  -1.0852D44.. 
- " 
. . . . . . .  
. .  . . .  
1,2019202 -1.140DO52 - .  
1.0841903  r l .1771041. .  -. 
1.3353591 .-1.7384780 
1.4812924 .-.1.7556970 
1.4257.731. .. .-1.7721179 . . . .  - -  
. .. . . . . . .  
. ... ........... 
1.3705690 . -1.7887482 . . 
1.3164540 -1.8061001 . . . .  
1.2610898 .. .-1.822712Q . . .  
. 1.1525092  -1.8573530 . . .  
1 . 0 5 4 1 7 3 0 . .  -1.8985884 
. .8562689.  . -1.9807214 
,9545366 .... ..-le9387352 . . . . . . .  
.7089300 -2.0419749 
e5855307 -2.1250335-  
,4595165 , .  -2.2041253 . . 
. -3334628. . ...- 2.2033479 
..... . .2845141 .. -.-2.3231477. .. 
-2534699 -2.3491939 
. . .1946102 -2.4256708 . .  
-1638388 . . -2.4521495 
. .138771e.- . W Q O ~ . + .  . . .  
-a155923 C -e056583 
M 
0 
1 (UNIFORM OR CONSTANT 1 ON LOAOING 
3 ( LINEAR  SPANYISE I ON LOADING 
4 ( QUADRATIC  SPANYISE I ON LOADING 
6 (PARABRLIC  HOROYISE 1 ON LOADING 
5 (QUADRATIC  HORDYISE.) ON LOADING 
7 ( CUBIC  CHORDYISE I ON LOADING 
8 ( S I M I L A R  TO F L A T   Y I N G I  ON LOADING 
10 ( ELCIPT1CAL.C-SUB-P L OM LOARXNG 
9 (SQ..ROOT  FRON T. E. 1 ON LOADING, 
11 ( L I N E A R  I N . A R B e R E G . I O H 1  W .LMPLHG 
12 (BODY UPYASH  LOADIH6.I .OH-LOADIN& 
13 ( NACELLE  BUPYANCY. . I  .ON LOAD.ILIG 
14 (NACELLE  BUOY(CAMRER)I 0N.LOAQING 
16 ( BODY BUOYANCY T€RH .I ON..LOADING 
15 (BODY UPYASH  (CAMBER)) 0N.LOARING 
17 (BODY BUOY. (CAHBEEI . 1 . O K . L " G  
. . . . . . .  - . . . . . . .  
. . "  
. . .  
. . . .  " . . . . .  
. . "_ . 
. - . .  - . . . . . . .  - 
. . . . . . . . .  
. . . . .  
. _ .  






I -- . .. 
. .. 
-. . . . - . " . - . 
-. . . -. . . . , Y I N b  DATA FOR 
v 
+. .- . , -. . . . 
9.69-500 17 LOAD  CHECK  CASE 
. . 
S P A N Y I S E   D I S T R I B U T I O N  OF 





















































17 r6744440  
1 4 ~ 4 4 5 0 0 0 0  
LINEAR SPANYISE . LOADING . - . .-.. 
. . - . . . . - " . -. . . . . . - . . . . . . . . - - - . - . 
22 SPAN STA. YITH..FUSELAfiE  AND I TERBS. _.  . 
. . . . .. . . . . . ... - 
SECTION DRAG# LIFT# AND PITCHING nbnEHi . 











































































INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF L O A D I N G  
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF L O A D I N G  
INTERFERENCE ORAG OF LOADING 
INTERFERENCE DRAG OF L O A D I N G  
INTERFERENCE ORAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF L O A D I N G  
1 I U N I F O R t l  OR CONSTANT 1 
2 ( L INEAR  CHOROYISE 1 
4 ( Q U A D R A T I C   S P A N Y I S E  1 
6 1PARABOLIC  HORDYISE ) 
5 ( Q U A D R A T I C   H O R O Y I S E  1 
7 ( CUBIC  CHORDYISE ) 
8 ( S I H I L A R  T O  F L A T   Y I N G )  
10 ( E L L I P T I C A L  C-SUB-P ) 
1 2  (BODY  UPYASH  LOADING 1 
13 ( NACELLE  BUOYANCY 1 
14 (NACELLE  BUOY(CABBER1)  
15  (BODY  UPYASH  (CAHBER))  
16 ( BODY BUOYANCY  TERH 1 
9 ( S O .  ROOT  FROH T.  E. 1 
11 ( L I N E A R   I N   A R B e R E G I O N )  















ON L O A D I N G  
ON LOADING 
ON LOADING 
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
L I N E A R  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
. S P A M Y I S E .  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E  
S P A N Y I S E .  
S P A N Y I S E  . 
S P A N Y I S E  
. .  
. .. . .  . 
... . .  . . . . .  - . . . . . . . . . . . .  - - .. 
. . Q U A D R A T I C   S P A N Y I S E  . L O A D I N G  _ _  . - . . . . . . . . . . .  J1ME .DATA FOR .. 
- ". . 
. . . . .  .... - ............ 
........ 969-599 . '1.7TOiQ C H E C K  CASE 22 S P A N  STA. YLTH FUSELAGE  AND 2 T E R M S ,  . . .  
. .  
. . . . . .  _" - . _ _  ..__ - " 
<PANWISE. O ~ S T ~ I B U T I O N ' O F  . S E C T I O N  DRAG; ' L I F T ,  AND P I T C H I N G   M O M E N T ^ .  
........ 0.0000000. 
. . . .  .0250000 
.......... .0500000 
.0750000 . .  
.1oooooo 
. . , e 2 O Q O O O O . .  
. . . .  .2500000 . 
. . . . . . .  .3000000 
. .  3500090. . 
. . . .  - .4750000 
. .  .4000000 









. 134.1951859 , 





. . .  113.9394744 




_.  -49.4865467. 
35.8817958 
" _. - . . .  
C = . 1.033028. c -  
.. L. . .  D 
. . I,.NTEREERENC.E D R A G  OF L O A D I N G  
INTERF-ERENCE  DRAG  OF  LOADING 
- . I K L € R F _ E R E N C E  DRAG OF . L O A D I N G  
1NTEREE.RENCE  DRAG  OF  LOADING 
. l H T L R E E R T N C E   D R A G   O F   L O A D I N G  
I N T E R E E R E N C E   D R A G   O F   L O A O I N G  
I!ilX.RFER.ENCE DRAG OF- L O A D I N G  
I N T E R F E R E N C E   D R A G   O F   L O 4 O I N G  
. - IHIER€U!EHCE_ D R A L O F .   L R A D I N G  
. I N T E R F E P E N C E   P R h G  OF L O A D I N G  
. . INTERFERENCE  DRAG OF . L O A D I N G  
.WlERF€RENCE ORAG OF L O A D I N G  
1NTER.FERENCE .QRAG .OF. L O A D I N G  
I N T E R F E R E N C E   D R A G  OF L O A D I N G  
I N T E R F E R E N C E   D R A G  OF L O A D I N G  
JNTERFJREN4E . D R A G .  O F  L O A D I N G  
. . . . .  
SECTION . SECTION 
C 
S E C T I O N  . _ _ .  
.c C 
D L n 
0.0000000 

















































-.Ob11541 . . 








. . . . .  




. . . .  
. -27..0215+04.. _. . 
-34.9390858 
-59.8102591 - . 
-80.0.656054. - . 
..-110.3954113 . __ . _ _ _  
X 
. . . . . . . . . . . . . . . . . . . . .  
1.386804 "- a829257 K 1.299244. CP - 
L E .  
. . . .  



















( U N I F O R M  OR CONSTANT I 
( L I N E A R   C H O R D Y I S E  
I L I N E A R   S P A N Y I S E  
( Q U A D R A T I C   C H O R D Y I S E  1 
( P A R A B O L I C   H O R D Y I S E  I 
( S I N I L A R   T O   F L A T   Y I N G )  
( c u u c  CHORDVISE I 
( s a .  R O O T  FROM T. E. 1 
( ELLIPTICAL c-sue+ I 
( B O D Y   Y P Y A S H   . L O A D I N G  
NACELLE  BUOYANCY 
( N A C E L L E  B U O Y  (.CAMBER) 1 
( B O D Y   U P Y A S H   ( C A M B E R ) )  
( BODY  BUOYANCY  TERM 
( L I N E A R  I N  ARB.REGION) 
( B O D Y  B u o y .  ( C A M B E R )  I 
ON L O A D I N G  . 
O N   L O A D I N G  
.ON L O A D I N G  _ _  O N   L O A D I N G  
O N   L O A D I N G  .. 
O N   L O A D I N G  
ON L O A D I N G  
ON L O A D I N G . .  
O N   L O A D I N G  
ON LOAOING. 
ON L O A D I H G .  .. 
ON L O A D I N G  
ON L O A D I N G  
ON L M D I N G  
ON L O A D I N G  
ON. L.OADING 
. . .  
. . . . . .  - . - . . . . . . .  
.4 i . P U A D R A T l C   S P A N Y I S E  1 I S  
4 i Q U A D R A T I C   S P A N Y I S E  I IS 
4 ( P U A D R A U C   S P A N Y I S E  1'1s 
. 4 .  i Q U A D R A U C  S P A N Y I S E  1 .IS 
4 . 1 .  Q U A D R A T I C .   S P A N U S E  ) IS 
4 ( Q U A D R A T I C   S P A N Y I S E  ) I S  
4 .( P U A O R A T l C  S P A N Y I S E  ) I S  
4 ( .PUADRATLC S P A N Y I S E  IS 
.4 .(. . P U A D R h U C  . S P A N M I L E  I 1.5' 
4 L P U A I I R A T I C  S P A N Y I S E  I ,IS 
4 .(. .QUADRALLC S P A N Y I S E  1 . IS 
4 ( Q U A D R A T I C  S P A N Y I S E  1 IS 
4 ( P U A O R A T I C  S P A N Y I S E  ) I S  
4 Q U A D R A T I C  S P k N Y X S E  ) I S  
4 L Q U A D R A T L C  S P A N Y I S E - l . . I S  
4 L auruunc SPANUISE. I IS 
. .62736474E+00 
. . .  .39317316Et00 
. .18173140Et00 
. ,10849319EtOl 




. -  .53074380Et00 
. .10336168E-01 




. - -.*12634418E-01 
.10336168E-01 




. .. . .  . 
_ .  . Y -" 












































































C P  
x -  
L 
"- = 
SECTION SECTION. . . 
c . .. _ _  . 













































-e3666617 -. 2960677 
.771585 K = 2..905105 
E 
S C 
----- -920569 -- "219684 C = -a115619 
5 C 




INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTEEF€R€NCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
IITERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
















1 7  
(UNIFDRN OR CONSTANT 
I LINEAR CHDRDYISE 1 
1 LINEAR SPANYISE 1 
( QUADRATIC SPANYISE ) 
(PARABOLIC CHORDYISE ) 
(SINILAR T O  FLAT WING) 
I CUBIC CHDRDYISE 1 
( ELLIPTICAL C-SUB-P 1 
[ B O D Y  UPYASH LOADING 1 
(NACELLE BUOY(CAHBER11 
( NACELLE BUOYANCY ) 
(BODY  UPYASH ICAhBER)) 
I B O D Y  BUOYANCY  TERH 1 
(sa. ROOT FRON T. E. 1 
(LINEAR I N  ARBeREGIONI 

















5 (QUADRATIC CHORDYISE ) I S  
5 IPUADRATIC CHDRDYISE 1 IS 
5  [QUADRATIC CHORDWISE J -IS 
5 IQUADRATIC CHDRDYISE 1 IS 
5 (QUADRATIC  tlDRDYISE 1 I S  
5 (QUADRATIC CHORDWISE 1 IS 
5 (QUADRATIC CHORDYISE I IS 
5 (QUAORATIC  tlORDYIS€ 1 IS 
5 (QUADRATIC CHORDYISE 1 I S  
5 LQUADBATIC CHORDWISE I 1s 
5  (QUADRATIC CHDRDYISE J:.IS 
5  iQUADRATIC  H0RDYISE.J I S  
5 [PUADRATIC CHORDYISE ) I S  
5 (PUADRATIC UORDYISE I IS. 
5 (PUADRATIC..CHORDYISE .1 . I S  
5 (QUADRATIC CHOROYISE 1 IS . .  
. . . . . . . . . . . . . .  . .  . . . . .  
. . . . . . . . . . . . . . . .  KING  DATA..FaR  PARABOLIC  HDRDYLSL  LOAOING . -. . .- --- 
969-3QC. 1 7  ~LOAD.I .HEtK. CASE. 22 SPAN .STAr-. YITH:.FYS€LIG€.b4D  2-TEEH.X -- -- - . 
.- - 
.. 
.. . .  . . .  
- spAyY.I$ .E 01SJRIBUT. ION  nF  SECTIbN DRAG,. 'LIF.T;.-~D.PITCHING. hOMENT. '1. 
- 
. . . .  .. - ._ .
. . . .  
Y SECTION. ... SECTIDN  SECTION 
0 
"- C 
812 .. CHORD L . n  . . . . . .  
c .. c . . _"  
...... ..... - - 
1. 0~0000000 183.8817000 0 ~ 0 0 0 0 0 0 0  ... . . . .  1.4917912  -1.3918589 . . . . .  
. .  .0250000 177.9445264 0~0000000  1.5615864 -1.4985080 
. qO500000 172.0073528 0~0000000  1.6968809 . -1.6570225 
" 
. -  - - .  .0750000 . 166.0701792 . 20.1820783 2.0958671 . -2.0240129- - 
_ _  - .. ..lt50000 154.1951859 4.3180221 1.8077514 . .-1*9456747.. - . 
. .  .~ 
.1.000000  160.1330000  7.8361132  1.95 9 39  - .9876386 . 
. . s1500000 148.2586941  2.5981171 1.6700038  -1.9 15728 
.1750000  52.3260032  1.4855479 1.5412931  -1.8573958 
.2500000  124.61 6675  -e 55 157 1.1807185  -1.7056169 
-7664999 1.4136547  -1.8075831 
.3000000 113.9394744  -e26 1609 
.3.frOOOOO 103.2682813  -e3572653 . .  e8097533. . -3.5097411 
.COO0000 92.5970882  "3646 34  e650 543  -1,39 1 3 
.5500000  63. 912977  "1735138
.4750000  76.6960487  -e2814541  4461790  -1.2 98 
.3047960  -1.0547725 
.6250000  49.4865467 - . 0 9 7 1 2 3 4  a1871792  -e8657318
.7000000  35.8817958 - .0440600 e0979868  -.6538292 
. . .  .7!jOOOOg 30.5922200  -.0 4898  e0727414- .. -.5817040 
.8000000 27.3627760  -mol1942   e0563681  -.512666  
. r2OOOOOO 136.3933123 
,9890139  -1.6160763 . _  
.9000000  .20. 3888  -.0035512 .0340047 . -e4181634 . . . . . .  . 
.... 
. .95OOOOO 17.674444Q  -.0015462 
-
1 ~ 0 0 0 0 0 0 0 ~  14.4450000  -.0 8254 . .017619C  -.3235225 . 
.0226862 . -e3352519 . 
". . - . . . . . . . . .  
X . -. - . " - . .
CP ......... .... . .  . . . .  . . . . . .  ..... 
C 9 e917731 C le898925 "- = e649283 K = 2.254638 - - 
1 
. .  
D L E 
. s  . C 
. ." REF .. n -"" . .920569 -- * -093692 ......... C e171901 . . . .  
L C n 
. .  
. . . . .  PROG L 0 
. 1.Nl.ERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
LNTERFERENCE DRAG OF LOADING 
. . INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
1.NTERFERENCE DRAG OF LOADING 
. .  INTERFERENCE DRAG OF LOADING 
. . . .  I.ITERFERENCE..DRAG OF LOADING 
IYTERFERENCE DRAG OF LOADING 
.I.NTERFERENCE DRAG OF LOADING 
XNTERFERENCE DRAG OF LOAOING 
INTERFERENCE DRAG OF LOADING 
- .INTERFERENCE DRAG OF LOAOING . 1.N.TERFERENCE DRAG OF LOADING 
. . .  
. . . . . . .  . . . .  - .. 
1 (UNIFORM OR CONSTANT 1 ON LOADING b lPARA8oLIC C H W Y L S E  1- LS-.  
2 I LINEAR  CHOROYISE ON LOADING b IPARAEDLIC  HORRYISE 1 I S  
3 ( LINEAR  SPANYISE 1 ON LOADING 6 (PARABOLIC CHORDYLSE 1. IS 
4 ( QUADRATIC  SPANYISE 1 ON LOADING . A L  (PARLBOLLC.CHOR0YISE .)-.IS - 
5 IQUADRATIC  HORDYISE ) ON LOADING .. 6 L P A R A B O L I L  CHORDWISE .). IS 
7 I CUBIC  CHORDYISE ) ON LOADING 6 (PARABOLIC  HORRYISE 1 I S  
8 ( S I f l I L A R  TO FLAT  WING) ON LOADING 6 I P A R A B M I C   L H O R R Y I S E  ) . I S  
10 I E L L I P T I C A L  C-SUB-P ) ON L O A D I N G .  6 ~ P A R A B 0 U C . C H O R D Y I S E .  ) . I S . -  
12 (BODY UPYASH  LOADING ) ON LOADING 6.  LPARABOLIL  CHOBDYIS€. ) IS. - 
1 3  I NACELLE BUOYANCY ) ON LOADING 6 .  L P A R A B M U   C H O R D U S E - J - L -  . 
14 (NACELLE BUOY (ChMBER)) ON LOADLKG. b ( . P A R A B U - C H Q t U W L I S "  - 
15 (BODY  UPYASH  (CAMBER)) ON LOADING . h ~PARAUtL IC_CHORI1ULSE. .J  1s" 
16 ( BODY BUOYANCY TERfl 1 ON LOADING 6 _ L P A R A B O U C ~ L I I I R I I Y ~ € . J . 1 5 . . .  
17 (BODY BUOY.. (CAMBER).  1 ON LMDIPG-.4..LEAaaenLrcRERdLULl-LS" 
9 ( S O .  ROOT FROfl T.  E. I ON LOADING 6 (PARABLILIf   CHORDYISE I IS 
11 (L INEAR I N  ARBaREGION)  RH  -LOADING_. 6 . ( P A R A B U .  CHOURYlSL .LIS-...- 
Y 



















































R E F  
. . . . . . . .  -"- - m . . . . . .  -920569 s 
PROG 







INTERFERENCE DRAG OF LOADING 
I N T E R F E R E N C E  D R A G  O F   L O A O I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A O I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F  L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
1.NTER.FERENCE .DRAG O F   L O A D I N G  
I N T E R € E P E N C E  D R A G  O F   L O A D I N G  
I N I E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
1t l .TERFEREN.CE D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
























- ~ 0 0 0 0 1 6 1  
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C P  

























. . .  
. . . . .  
S E C T I O L L  
. .  - - - . . 
. 
c . . . . . .  
n - . , ..... . .  
.. _ .  . 
-1.BlO4941 
-1.9714472 









-1 3309269 . 
-1.0906226 . 
-.76951,72 -. 5393039 
-e3430296 -. 1862225 




"135793 C 9 -e039700 
M 
0 
1 L U N I F O R M  OR C O N S T A N T  I O N   L O A D I N G  
2 L I N E A R   C H O R O Y I S E  ON L O A D I N G  
3 ( L I N E A R   S P A N Y I S E  ) O N   L O A D I N G  
4 ( P U A D R A T I C   S P A N Y I S E  ) 0 N . L O A D I N G  
5 ( O U A D R A T I C   H O R O Y I S E  J ON L O A D I N G  
6 ( P A R A B O L I C   H O R D Y I S E  1 O N   L O A D I N G  
8 ( S I M I L A R   T O   F L A T   W I N G )  ON L O A D I N G  
.O ( E L L I P T I C A L   C - S U B - P  1 O N  L O A D I N G  
9 ( S a .   R O O T   F R O M  T. E. I ON L O A D I N G  
1 1  ( L I N E A R   I N  A R B . R E G I O N 1 . O N   L O A D I N G  
.2  ( B O D Y   U P Y A S H   L O A D I N G  L O N  L O A D I N G  
.3 N A C E L L E   B U O Y A N C Y  1 ON L O A O I N G  
.4 ( N A C E L L E   6 U O Y l C A H 6 E R I J  O N   L O A D I N G .  
. 5  ( B O D Y   U P Y A S H   ( C A I E E R I I   O N   L O A D I N G  
.6 I BODY B U O Y A N C Y   T E R N  1 O N   L O A D I N G  
.7 ( B O D Y   B U O Y .   ( C A N E E R I  J ON. L O A D I N G  
. . . . . . . . . . . . .  . .  
C U B I C  CHOROYLSL 
C U B I C   H O R O Y I S E  
C U B I C  . C H O R O Y I S E .  
. C U B I C  C H O R D V I S E  
C U B I C .   C H O R D Y I S E  
C U B I C   . C H O R O Y I S E  
. C U B I C   C H O R M I S  
C U B I C   C H O R O Y I S E  
. C U B I C .   M O R D U L S E .  
C U B I C  LHORLULX- 
C U B I t .  CHORQYISL.. 
C U B I C   H O R D Y L S L .  
CUBLC ..CtLOBMISE.- 
C U B I C . . C H O R D Y I S € .  
" -. . - - . . - . " " . .






























S E C T I O N  
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C H O R D  D 


















































160.1330000  1.7742890 

















148.2586941  1.0168e03 
103.2682813 
76.6960487  -.0151047 
.181e981 
49.4865467  -e159694
30.5922200 - *  1770755 
X 
C P  
C = ,600950 --- 8 
0 L 
C 






. . . 
.. . 
c =  
L 
S 
R E F  "-" 
S 
PROG 
i 675634  
e111885 
K =  
E 
e66895198EtOO 
~ 1 0 0 1 0 9 8 0 E + 0 1  
. 
~ 1 0 3 7 5 2 8 7 E t 0 0  
.12407691E+01 
.29189613Et001 











I S  
I S  
.IS 
I S  
I S  
I S  
I S  
I S  
I S  
IS- 
I S  
I S .  
I S  
I N T E R F E R E N  I C E   D R A G  0 F L O A D I N G  1 ( U N I F O R M  OR C O N S T  
2 ( L I N E A R   C H O R D W I S E  ) O N   L O A D I N G  
I NG 
4 ( P U A O R A T I C   S P A N Y I S E  1 ON L O A D I N G  
3 ( L I N E A R   S P A N Y I S E  1 ON L O A D I N G  
5 ( Q U A D R A T I C   H O R D Y I S E  1 ON L O A D I N G  
6 ( P A R A B O L I C   H O R D W I S E  1 ON L O A D I N G  
7 ( C U B I C   C H O R D W I S E  1 ON L O A D I N G  
10 ( E L L I P T I C A L   C - S U B - P  1 O N   L O A D I N G  
9 (Sa. R O O T   F R O M  1. E .  I O N   L O A D I N G  
11 ( L I N E A R   I N   A R B - R E G I O N )  O N   L O A D I N G  
12  ( B O D Y   U P Y A S H   L O A D I N G  1 ON L O A D I N G  
14  ( N A C E L L E   U O Y ( C A f l 8 E R ) )  ON L O A D I N G  
1 3  ( N A C E L L E   B U O Y A N C Y  1 O N   L O A D I N G  
1 5  ( B O D Y   U P W A S H   ( C A M B E R ) )  ON L O A D I N G  
1 6  I B O D Y  B U O Y A N C Y   T E R M  ) O N   L O A D I N G  
17 ( B O D Y   B U O Y .   ( C A M B E R )  I OH . L O A D I N G  
A N T  1 ON L O A D  ILAR T O  FL A T   Y I N  
Y I N G  I 
I G J  
Y I  NG)  
Y I N G  1 
Y I N G )  
Y I N G )  
Y I N G )  
Y I N G l  
W I N G )  
Y 1  NG 1 
Y I N G  1 
U I N G )  
Y I N G )  
Y I N G )  
Y I N G J .  
Y I N G )  
INTERFERENCE D R A G  OF LOADING 
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
i N T E R F E R E N C E  D R A G  O F   L O A D I N G  
i N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L D A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E   D R A G   O F   L O A D I N G  
I N T E R F E R E N C E   D R A G  OF L O A D I N G  
Z N T E R F E R E N C E   D R A G   O F   L O A D I N G  
I N T E R F E R E N C E   D R A G   O F   L O A D I N G  
1 N T E R F E R E N C E   D R A G  OF L O A D I N G  
8 ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I H I L A R  
8 ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I M I L A R  
B . ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I N I L A R .  
8 ( S I M I L A R  
8 ( S I M I L A R  
8 ( S I N L L A R  
T O  
T O  
T O  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
F L A T  
FLAT. .  
F L A T .  
T O  
T O  
T O  
T O  
T O  
T O  
TO 
"
T O  
T O  
T O  
T O  
- .  
To 
I S  
I S  
. I S  - 
. ~ . .  . 
YING DATA  FOR SQ1 R O O T  FROM T .  E A  LOADING 
. . . . . . . . 
969-500 1 7  LOAD CHECK C A S E  22 SPAN  STA. YITH FUSELAGE  AN0 2 TERHS 
SPANYISE  DISTRIBUTION OF SECTION DRAG, LIFT# AND PITCHING MOHENT 








































































































----- 9 e920569 * REF 
C 
M 
" .  . s  C 
PROF L 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LDADING . .~ . -  - " . -. " .
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
. ._  __._INTERFERENCE D R A G  .OF LOADING 
. INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 


























.084568 C * m175704 
0 
M 
1 (UNIFORH OR CONSTANT 1 ON LOADING 
2 I LINEAR CHORDUISE 1 ON LOADING 
3 ( .LINEAR SPANYISE ) ON LOADING 
4 ( QUADRATIC SPANYISE 1 ON LOADING 
5 (QUADRATIC CHORDYISE I ON LOADING 
7 ( CUBIC CHORDYISE ) ON LOADING 
6 (PARABOLIC CHORDWISE 1 ON LOADING 
8 (SIHILAR T O  FLAT  YING) ON LOADING 
1 0  ( ELLIPTICAL C-SUB-P 1 ON LOADING 
12 ( B O O Y  UPYASH LOADING 1 ON LOADING 
14 (NACELLE BUOY(CAMBER)) ON LOADING 
13 ( NACELLE BUOYANCY ) ON LOADIblG 
15  ( B O D Y  UPYASH (CAMBER)) ON LOADING 
16 ( BODY BUOYANCY T E R M  ) ON LOADING 
11 (LINEAR I N  ARBaREGION) ON LOADING 
1 7  ( B O O Y  B U O Y .   ( C A M B E R )  ) ON LOADING 
.955578 




9 ( S O .  ROOT FROM T .  E. ) I S  
9 [sa.  ROOT FROM T. E. I IS 
9 (sa.  ROOT FROH T.. E. 4 IS 
9 ( s a .  ROOT FROM T .  E. I IS 
9 (sa.  ROOT F.ROM. T.. .E. .I IS . 
9 ( s a .  ROOT FROK I*.€. ) IS . 
9 (sa.  ROOT. FROH T.. E- IS 
9 (sa. RnoT-EBnn LE. .IS . 
9 I S P .  R O O T  FROM T .  E. ) IS 
9 ( S a .  . R O O T  FR.0M.T.a E. 1 . IS. 
9 ( S O .  ROOT FROM T. E. I IS 
9 (Sa. ROOT FROM 1. E. I I S  
9 (SQ..ROOT-EMM.T..La 1. I S .  
9 ISP .  ROOT E R O M  TL.€. .)..IS. . 
9 I S P .  ROOT.FRDM 1m.E. I . IS  
9 (SP. ROOT F R M  Ta.E. .I . I S  . 












. Z O ~ S ~ ~ E - O Z  




Y I N G   D A T A   F O R   E L L I P T I C A L   C - S U B - P   L O A D I N G  
. . .. . . - 
. .  
9C?-500 1 7  L O A C   C H E C S   C A S E  22 S P A N   S T A .   U I T H   F U S E L A G E   A N 0  2 T E R M S  . 
S P A ! I d I S f   D I S T k I E U f I O N   O F   S E C T I O N  DRAG, L I F T ,   A N D   P I T C H L N G  HOHENT 
. .  
. - .  
Y 
P, IC' 
L - oc;'Looo 
aC25G000 



















C 9 .919594 
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PROG 

















































C P  _. 




9 -e032610 C * 
C U 
L 0 





















































K = .a33103 
E 
. . .. 
I t i T E R F E R E N C E   C R A G   O F   L O A D I N G  1 ( U N I F O R f l  OR C O N S T A N T  1 ON L O A D I N G  1 0  I E L L I P T I C A L   C - S U B - P  I I S  . 
I N T E R F E R E N C '   O R A G   O F   L O A D I N G  2 I L I N E A R   C H O R O U I S E  1 ON L O A D I N G  1 0  I E L L I P T I C A L   C - S U B - P  I IS 
.64299531EtOO 
r N T E R F E R E N C E   D R A G   O F   L O A D I N G  3 1 L I N E A R   S P A N Y I S E  I ON L O A D I N G  1 0  I E L L I P T I C A L   C - S U E - P  1 I S  
.10658583Et01 
.25876723EtD0 
. .  
i t !TEF.FER€NCE  RAG OF L O A D I N G  4 1 P U A D R A T I C   S P A N Y I S E  I 
1;:TERFEREKCE D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G   O F  L O A D I N G  
! N T E C F E R E N C E  O R A C   O F  L O A D I N G  
: N T E k F E K E E C E  C R A G  OF L O A D I N G  
! N T E E F E R 5 N C E  CRAG  OF L O A D I N G  
I % T E E F E R E N C E  C R A G   O F  L O A D I N G  
I N T E R F E R E N C E  l E A G  OF L O A D I N G  
I P I T E E F E R E N C E  C R A G  OF L O A D I N G  
I X T E E F L S E N C E  C R A G   O F  L O C O I N G  
I S T E R P E P E N C E  D R A G   O F  L O A D I i d G  
1!4TEl!FEREN!:E: L 'EAG  OF L O A D I N G  








1 4  
15 
17 
I t  
. 
I 
P U A C R A T I C   H O R D W I S E  
P A A A a O L I C   H O R O W I S E  
S I M I L A R  T O  F L A T   Y I N G  
C U B I C   H O R O Y I S E  
s a .  R O O T  F R O M  T. E .  
L I N E A R  I N  C P B . R E G I O N  
B O D Y   U P Y A S H   L O A D I N G  
N A C E L L E   B U O Y A N C Y  
F i A C E L L E   B U O Y I C A M a E R )  
B O D Y   U P Y A S H   I C A M B E R I  
B O D Y   B U O Y .   I C A U E E R I  
50OY B U O Y A N C Y   T E R M  
I 
1 
1 O N   L O A D I N G  10 I E L L I P T I C A L   C - S U B - P  
1 ON L O A D I N G  1 0  I E L L I P T I C A L   C - S U E - P  
1 ON L O A D I N G  10 I E L L I P T I C A L   C - S U B - P  
I ON L O A D I N G  10 E L L I P T 1 C A L . C - S U E - P  
1 ON L O A D I N G  1 0  I E L L I P T I C A L   C - S U E - P  
I ON L O A D I N G  1 0  ( E L L I P T I C A L  C-SUE-P 
I ON L O A D I N G  1 0  I E L L I P . T I C A L  C-SUE-P 
1 ON L O A D I N G  10 I E L L I P T I C A L  C-SUB-P 
I ON L O A D I N G  1 0  ( E L L I P T I C A L  C-SUB-P 
I OK L O A D I N G  1 0  I E L U P . T L C A L  C - S U E - P  
ON L O A D I N G  - 1 0  I E L L I P I I C A L  C - S U E - P .  1 I S  
ON L O A D I N G  10 ( E L L I P T I C A L  C - S U B - P  1 I S  
ON L O A D I N G  1 0  I E L L I P T I C A L  C-SUE-P 1 I S  
I I S  
1 I S  
1 IS 
1 I S  
1 I S  
I I S  
I I S  
I I S  
I I S  
I I S  
. 5 0 9 7 a 3 ~ 4 ~ - 0 1  
.14114779E+01 














" . . . . . . .  " . 
b b n - 5 0 0 ~  ii LOAD C H E C K C A S E  z z  SPAN STA. .mi PUSELAGEAND z T u n s  .. . . . .  
........... 
SPANUISE DISTRIBUTION OF SECTION DRAG, LIFT, AND PITCHING. MHENT - .  
. . - . -. . -. . -. 
Y . . . .  SECTION . SECTION .. SECTION -. . -" C C 
BIZ .. CHDRD D L: . I  
c ." . 
. . . .  
. O~OOOQOOO 183*8817000 0~0000000 .0187135  -.0240441 
. .Qf50000 177.9445264 0~0000000 
.0500000 172.0073528 0~0000000 
.OZZZ419 -e0293964 
a0330258 -.0448299 
~0730000 166.0701792  e029 39  .Ob16 48 -.0862040 
,1000000 160~1330000 
.1250000 154.1951859  e0144896 
a0592769 -.0860747 
.1500000 148.2586941  .0125877 
-0569657 . -e0859933 
-0548954 -.0862554 
. -  .1750000 142.3260032  .0112873 
.ZOO0000 136.3933123 
.0527201 -a0863849 
.0106112 . .0504032  -.C862948 
.2500000 12406106675 
. ,3000000 113,9394744 
.0091111 e0461476 -.0866876 
a3300000 103.2682813 
,0071755 .0417704 -e0863995 
e0057944 -0379834 -e0873057 
.4000000 92.5970882 
.4750000 ' 76.6960487 
e0044758 -0344417 -no888993 




.6250000  49,4865467 e 0 0 1 4 6 8 4  
-0233725 -.0911995 
.7000000 35.8817958 
.0186231  -.0944 47 
.7500000  3 .5922200 
.0008995 .0140130 -.0998602 
.0004769 . .0105987 -a0894721 





.. .9000000 20.9038880  . 002184 e0080284 -.1021017 
.0003026 
.0000724 .0031771 -e0599916 
X 
.. - - 
\o 
P 
. . . . .  
1 
_.  . . .- CP . . . .  
C = ,036338 C = .007826 --- 9 e867120 K 5,926973 
L 
. .  
" . D L E 
S C 





L 0 - " 
INTERFERENCE D R ~ G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOAOING 
1,NTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
. INTERFERENCE DRAG OF LOADING - LNTERFERENCE DRAG OF LOADING 
It iTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INJERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
!NTERFERENCE DRAG OF LOADING 
1 IUNIFORn OR CONSTANT 1 
2 I LINEAR  CHORDUISE 1 
3 ( L INEAR  SPANYISE I 
4 I QUADRATIC  SPANUISE 
5 (QUADRATIC  HUROYISE ) 
6 (PARABOLIC  HOROYISE 1 
7 I CUBIC  CHOROUISE ) 
8 ( S I M I L A R ' T O   F L A T   Y I N G )  
10 I E L L I P T I C A L  C-SUB-P 1 
12 ( B O D Y  UPYASH  LOADING 1 
14 (NACELLE  BUOY(CAH8ER)I  
13 ( NACELLE BUOYANCY 
15 (BODY  UPUASH  ICAHBER)) 
16 I BODY BUOYANCY  TERH 
9 ( S a .  ROOT FROM 1. E .  1 

















. .  
L1 ( L I N E A R  I N  ARB.REGION) IS 
11 ( L I N E A R  I N  ARB.REGION1 IS 
11 ( L I N E A R  I N  ARBmREGLOtU IS 
11 ( L I N E A R  I N  ARB.REGION1 IS 
11 ( L I N E A R  IN ARB.REGION1 IS 
11 ( L I N E A R  I N  ARB.REGI0NI IS . . 
11 ( L I N E A R  I N  ARB.REGION1 IS 
11 ( L I N E A R  I N  ARBmREGION) IS 
11 ( L I N E A R  I N  ARBmREGIONJ IS 
11 ( L I N E A R  I N  ARB.R€GIONJ-IS . .  
11 ( L I N E A R  I N  ARBeREGION) IS 
11 ( L I N E A R  I N  A!?BcREGIONI IS 
11 ( L I N E A R  I N  ARBeREGION) IS 
11 ( L I N E A R  I N  ARB.REGION1 I S  
11 ( L I N E A R  I N  ARB.REGION) I S  . 
















. m z a 3 5 2 ~ - 0 3  
VI 
0 Y I N G   D A T A   F O R   B O D Y   U P Y A S H   L O A D I N G   L O A D I N G  
. . . , . - . . . "- . -. - 
- .  .." 
. . p69.-50o 17. C O A D  CHECK C A S E  22 S P A N  STA. YITH FUSELAGE AND .z TERMS.. .. 
SPANVISE DISTRIBUTION OF SECTION DRAG, LIFT, AND PITCHING MOMENT. 
.~ . .
_. . . 
Y 
B/2 





. .  . . .1250000 
.1500000 
.1750000 
. .  .2000000 
.250ODOO 
.3000000 










- . - . . . . 1 ,0000000  
"- 
. .  
. .  
C 9 .016252 
. .  .. - L 
S 
----- 8 ,920569 
S 
. . - R E F  
-. . PROG 
.~ 
I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  DRAG  OF 
I N T E R F E R E N C E  DRAG  OF 
. . 1.NTERFERENCE D R A G  OF 
I N T E R F E R E N C E  DRAG  OF 
. I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  D R A G   O F  
I N T E R F E R E N C E  D R A G  OF 























S E C T I O N  
C 










































l N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A O I N G  
O A O I N G  
O A D I N G  
O A D I N G  
O A D I N G  
O A D I   N G  
O A D I N G  
O A D I N G  
D A D I N G  
O A D I N G  
O A D I N G  
O A D I N G  
O A D I N G  
X 
C P  
L 
0.000000 --- 9 
e004682 C 8 
M 
0 




















































K 9 0.000000 
E 
1 ( U N I F O R M  OR C O N S T A N T  1 O N   L O A D I N G  
2 ( L I N E A R   C H O R D W I S E  O N   L O A D I N G  
3 ( L I N E A R   S P A N Y I S E  O N   L O A D I N G  
4 ( P U A D R A T I C   S P A N Y I S E  1 O N   L O A D I N G  
5 ( P U A D R A T I C   H O R D U I S E  1 ON L O A D I N G  
6 ( P A R A B O L I C   H O R D Y I S E  O N   L O A D I N G  
7 1 C U B I C   C H O R D W I S E  1 O N   L O A D I N G  
E ( S I M I L A R  TO F L A T   Y I N G )  O N   L O A D I N G  
10 I E L L I P T I C A L   C - S U B - P  ) O N   L O A D I N G  
11 ( L I N E A R   I N   A R B . R E G I O N 1  O N   L O A D I N G  
13 ( N A C E L L E   B U O Y A N C Y  1 O N   L O A D I N G  
14 ( N A C E L L E   B U O Y ( C A M B E R ) )  O N   L O A D I N G  
15 ( B O D Y   U P Y A S H   ( C A M B E R ) )  ON L O A D I N G  
16 I B O D Y   B U O Y A N C Y   T E R M  1 O N   L O A D I N G  
9 I S P .  ROOT  FROM  T. E. I O N   L O A D I N G  
12 ( B O D Y  U P Y A S H  LOAOING 1 I s  
12 ( B O D Y  U P W A S H  L O A D I N G  1 I S  
12 ( B O D Y  U P Y A S H  L O A O I N G  1 I S  
12 I B O O Y  U P Y A S H  L L I A O I N G .  I .  IS. 
12 ( B O D Y  U P Y A S H  L O A D I N G  1 IS. 
12 ( B O D Y  U P Y A S H  L O A D I N G  I I S  
12 ( B O D Y  U P Y A S H  L O A D I N G  I IS. 
U ( B O D Y  U P Y A S H  L O A D I N G  I I S  
12 ( B O D Y  U P H A S H  L O A D I N G  I 1 1  
12 l 8 D D Y  U P H A S H  LOADlNG I- LT 
1 2  (6OD.Y U P Y A S H  L M O . I N G .  I .  IS  
1 2  (6OD.Y U P Y A W  L O A D I N G  I s .  
12 ( B O D Y  U P Y A S H  L O A Q I N G  1 IS 
12 ( B O D Y  U P Y A S H  L O A D I N G  .J IS 
















I N T E R F E R E N C E  D R A G  OF LOADING 17 ( B O D Y  BUOY. ( C A M B E R )  ON LOADING 12 ( B O D Y  YPYASH LOADING 1 IS - -0. 
.. . . . . . -. " - 
.. . Y I N G   D A T A   F O R  N A C E L L E   B U O Y A N C Y  . L O A D I N G  . . . . " -. - 
.. 
,969-500  17 L O A O  CHECK C A S E  22 S P A N  STA. YITH"FUSELAGE.ANO L IEMS .- 
. - . - .. 
_ .  S P A H W I S E   . R I S T R I B U T I O N  OF S E C T I O N   O R A G a   L I F T 0   . A N 0   . P I T C H I N G   H M W T  
. .  






































































S E C T I O N .  
C 
L 
















































C = ' .005585 c m 0.000000 --- = ,057603 K 9 0.000000 C P  
L 0 L E 
S 
---- m .920569 -- = -e440087 C 9 -e001935 
S C H 
R E F  
C 
n 
PROG L 0 
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  ORAG OF L O A D I N G  
I N T E R F E R E N C E  DRAG OF L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  DRAG O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
I N T E R F E R E N C E  D R A G  OF L O A O I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G  OF L O A D I N G  
I N T E R F E R E N C E  D R A G  O F   L O A D I N G  
2 I L I N E A R  C H O R O Y I S E  ) ON L O A D I N G  
1 ( U N I F O R M  OR C O N S T A N T  J ON L O A D I N G  
3 L I N E A R   S P A N Y I S E  1 ON L O A D I N G  
4 ( P U A D R A T I C   S P A N Y I S E  1 ON L O A D I N G  
5 ( Q U A D R A T I C   H O R O U I S E  J ON L O A D I N G  
7 I C U B I C   C H O R D Y I S E  ) ON L O A D I N G  
6 ( P A R A B O L I C   H O R O Y I S E  ) ON L O A O I N G  
0 ( S I M I L A R   T O   F L A T   U I N G )  ON L O A D I N G  
10 I E L L I P T I C A L   C - S U B - P  J O N   L O A D I N G  
11 ( L I N E A R   I N   A R B . R E G I O N )  ON L O A D I N G  
12 ( B O D Y   U P U A S H   L O A D I N G  ON L O A O I N G  
14 ( N A C E L L E   B U O Y ( C A M B E R 1 )  ON L O A D I N G  
16 I BODY B U O Y A N C Y   T E R H  I ON L O A D I N G  
15 ( B O D Y  U P Y A S H   ( C A H B E R ) )  O N   L O A D I N G  
9 ( S P .  ROOT  FROM T. E. OM L O A D I N G  
17 ( B O D Y   B U O Y .   ( C A M B E R )  1 O N   L O A D I N G  
N A C E L L E  B U O Y A N C Y  
I A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
N A C E L L E  B U O Y A N C Y  
1 I S  0 .  
1 IS 0. 
IS 0. 
J IS 0. 
I I S  0. 
I IS 0. 
I I S  0. 
I S  0. 
J IS 0. 
I S  0. 
I I S  0. 
1 IS 0. 
IS 0. 
I S  0. 
1 I S  0. 
1 I S  0. 
Y I N G   D A T A  F O R  
i 6 9 - 5 0 0   1 7  L O A D   C H E C K   C A S E  
S P A N W I S E   D I S T R I B U T I O N  OF 
Y 
























C 9 e005585 
L 




















1 0 3 . ~ 6 8 2 ~ 1 3  
35.8017958 
20 .90388~0  
c 9 .000128 
0 .  
S C 
U E F  n . - .  ----- * ,520569 -- * -.440087 
s C 
PROG L 
N A C E L L E   B U O Y  
2 2  S P A N   S T A .  
S E C T I O N   D R A G  


























C P  
L 
"- . 
( C A M B E R )   L O A D I N G  . . .  
U I T H   F U S E L A G E   A N D  2 T E R M S  
, L I F T ,   A N D   P I T C H I N G   H O H E N T  

























.e57603 K = 
E 
C - -.001935 
H 
0 
OCAG  OF ( . O A O I N G  
DRAG  OF L O A D I N G  
C R I G  O F  L O A D I N G  
D6E.G  OF L O A D I N G  
O E f G   C F  L O L O I N G  
DRAG  OF L O A D I N G  
ZECG OF : O A C I N G  
G F A G  OF L O A C I N G  
ClEAG OF L C A C I N G  
D R A G  .OF L O A D I N G  
D R A G  OF L O A O I N G  
l ( U N I F O R M  OR C O N S T A N T  1 ON L O A D I N G  
2 ( L I N E A R   C H O R O J I S E  ) ON L O A D I N G  
3 L I N E A R   S P A N Y I S E  1 ON L O A D I N G  
4 ( Q V A D R A T I C   S P A N W I S E  ) ON L O A O I N G  
5 ( P U C O R A T I C   H O R O Y I S E  ) ON L O A D I N G  
6 ( P A h A B O L I C   H O R D W I S E  ) ON L O A D I N G  
8 ( S I M I L A R   T O   F L A T   W I N G )  ON L O A D I N G  
11 ( L I N E A R  I N  A R B I R E G I O N I   O N   L O A D I N G  
LO ( E L I I P T I C A L  C-SUB-P I ON L O A D I N G  
5 ( C U B I C   C H O R O U I S E  1 ON L O A D I N G  
9 ( s a .  R O O T  F R O M  T. E. ON LOADING 

































1 4  
14 
14 
( N A C E L L E  B U O Y L C A l ¶ B E R l )  
( N A C E L L E  B U O Y ( C A N B E R 1 )  
( N A C E L L E  B U O Y L C A H E E R I )  
( N A C E L L E  B U O Y ( C A M 8 E R l )  
( N A C E L L E  B U O Y ( C A M B E R I )  
( N A C E L L E  B U O Y L C A M B E R ) )  
( N A C E L L E  B U O Y   ( C A M B E R )  1 
( N A C E L L E  B U O Y ( C A M B E R 1 )  
( N A C E L L E  B U O Y ( C A M B E R ) l  
( N A C E L L E  E U O Y ( C A M B E R ) )  
14 ( N A C E L L E  B U O Y ( C A M B E R ) )  IS ,57341500E-03 
1 4  ( N A C E L L E  E U O Y ( C A N B E R ) I  IS .5225236?€-05 
1 4  ( N A C E L L E  B U O Y ( C A M B E R 1 )  IS .12627839E-03 
! N T E R F E R E K C E   C R A G  OF L O A D I N G  1 2  laOD'( U P U A S H   L O A D I N G   O N   L O A D I N G  
Z N T E R F E R C k C E   D R A G  OF L C A D I N G  13 ( N A C E L L E   B U O Y A N C Y  1 ON L O A D I N G  
I N T E R F E R E K C E  D R A G  OF L O A D I N G  16 ( B O D Y   B U O Y A N C Y   T E R M  1 OM L O A D I N G  1 4  ( N A C E L L E   B U O Y ( C A H 8 E R ) )  IS 
Ib!TEkFEP.ENCE D R A G  O F   L O A D I N G  15  ( B O D Y  U P Y A S H   ( C A M B E R ) )   O N   L O A D I N G  1 4  ( N A C E L L E   E U O Y ( C A M B E R ) L  IS .52252367€-04 






I S  
IS 
I S  
I S  
IS 













n . -. 
. . . . . . . . . - . . -, . . -.  .. - . - -. . . - . .. 
. ... . .... YING DATA  FOR.  BODY UPYASH LCAHBERJ LOAILING . - - - - 
9 6 9 ~ 5 0 Q .   1 7  LOAD CHECK C A S E  22 SPAN STA..  YITH FUSELAGE AN0 Z XEMS. . 
. . . . - - - - . .- 
SPANYISE DISTRIBUTION OF SECTION DRAGS LIFT, AND PITCHING MOMENT 
. .  "" 
Y 
. . . . - . - . 
SECTION SECTION . SECTION . .~ . "- C C 
81 2 CHORD D L 
.. c . . .  
n . .. .. 
"" . - . 
0.0000000 .. 183.8817000 0.0000000 
. .0250000  177.9445264 O.DOOOOO0 
.0500ODO 172.0073528 0.OOOOOOD 
.0012257 
e0165623  -.0150016. 
,0173935  -.Dl61667 
. .075.0000 166.0701792 
.0186505  "0177343 
. .  .1000000  16 .1330000 .0012041 
.0222595.  -.0212843. . . . 
.0221333.  -.0212475
-... .l25000D . 15S.1951859  .0008419 
.1500000  146.2586941 .OD06261 
.D216492  -.0216256 - . 
.1750000  42.3260032 . 3266  . 2 32 7  -.0228767 . . 
.2ODOOOO -136,3933123  .0003031  .0200 90  -. 239621 : 
.25OOOOQ 124.6106.675 .0001082  .0191149 -.02626EB . . 
r3000000. -113,9394744  .0000016 
.3500000. 103.2682813 
m0182813  -.0287738 
.4000000 92.5970882  .0000677  a0177127  -e036693  
q475OOO.Q 76.6960487  .0000285 . e0174484  -a0 56375 . . 
' .5500000  63. 912977  -. 430 
*6250000  49.4865467  -.0 590 
.3500000 30.5922200  -.00 107  . 2 8173 . . -.1728406. 
e9000000  2 .9 38880 
.9500000  17.6744440 
mO211931  -.02 29 0 
0000806 .0182212 . _  -.0326650 _. 
.0171522  -.0580714 .. 
.7000000  35.8817958 -.0000608 
.8000000 27,3627760  .0000405 .0220862 -.1994720 . 
a0182157 -a0829274 
.0209287 -.1379!51)2 
.0000421 e0201745 -.248131E 
.0000266 -0173637 -.2569930 
1 ~ 0 0 0 0 0 0 0  14.4450000  -.000 333 e0112932  -.2 76505 
X 
C = -018252 
C P  
0 L E L 
C 8 .000260 --- = ,684021 K = .780685 
5 
----- = -920569 -- = .004682 C 9 e001794 REF 
C 
M 
S C M 
PROG L 0 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  OF LOADING 
INTERFERENCE D R A G  O i  LOADING 
IETERFERENCE D R A G  OF LOADING 
IFTEPFERENCE D R A G  OF LOAOING 
i::TEEFERECICE D R A G  OF LOADING 
ihTCPFERENCf D R A G  OF LOADING 
IVTERFEREHCE DRhG OF LOADING 
fr:rEF.FEKENCE @LAG CF LOAPING 
IFTEKFERENCE D R A G  OF LOADING 
IKTCRFERENCE D R A G  OF LOADIN: 
1 (UNIFORM O R  CONSTANT ON LOADING 
2 ( LINEAR CHCROYISE ) ON LOADING 
3 ( LINEAR SPANYISE 1 ON LOADING 
4 ( Q U A D R A T I C  SPANYISE 1 ON LOADING 
5 (PUADRATIC CHORDYISE 1 ON LOADING 
6 (PARABOLIC CHORDYISE 1 ON LOADING 
7 ( C U B I C  CHORDYISE 1 ON LOADING 
8 (SIMILAR T O  FLAT UING) ON LOADING 
9 ( S a .  R O O T  F R O M  T. E. ) ON LOADING 
10 ( ELLIPTICAL C-SUB-P 1 ON LOADING 
11 (LINEAR I N  A R E . R E G I O N )  ON LOADING 
12 ( B O D Y  UPWASH LOADING ) ON LOADING 
1 3  NACELLE BUOYANCY 1 ON LOADING 
1 4  (NACELLE BUOY(CAMBER1) ON LOADING 
16 ( 6UDY EUGYANCY  TERM 1 ON LOADING 
17 ( B O D Y  6UCY. ICAEEER) ) ON LOADING 
1 5  IEOOY UPYASH (CAMBER)) 
15 ( B O D Y  UPYASH (CAM8ER)l 
15 (EODY UPYASH (CAHEERl) 
15 (BODY UPYASH (CAREER)) 
15 (BODY UPYASH (CAHBERI) 
15  ( B O D Y  UPYASH (CAMBERII 
15 ( B O D Y  UPYASH ICAMBER)) 
15  l8OOY UPYASH IC.AMEER)) 
15  ( B O D Y  UPYASH (CAMBER)) 
15  ( B O D Y  UPYASH (CAHBERI) 
15  ( B O D Y  UPYASH L C A M B E R ) )  
15  I E O O Y  UPYASH ( C A M B E R ) )  
15 I E O O Y  UPYASH ( C A M B E R ) )  
15  ( E O O Y  UPYASH fCAI8ER) I  
15  ( B O D Y  UPYASH (CAMBER)) 
15 caoor  UPYASH (CAMBER)) 
. .  
. . .  
, . . . . . . . 
IS 
I S  -13207657E-01 
.20614524E-01 
I S  .57260391E-02' 
I S  .22282178E-02 
I S  e26842756E-01 
I S  .23686154E-01 
I S  e31360523E-01 
I S  
I S  e11730779E-01 
I S  
e16014873E-01. 
al4316308E-01 
I S  .86849194E-03 
I S  
I S  .49983912E-04 
.260067D7E-03 
I S  e49983912E-04 
IS -.13606499E-O4 
IS -.13606499€-04 
. . . ". 
U I N G   D A T A   F O R  B O D Y  . B U Q Y A N C Y  .TERK L O A D I N G  - .- 
. - .. . _ _  __ _. 
969-500 17 L O A D   C H E C K   C A S E  22 S P A N   S T A .   U I T H   F U S E L A G E   A N D   Z ' T E R H S  
S P A N W I S E   O I S T R I B U T I O N   O F   S E C T I O N   D R A G >  L I F T ,   A N 0   P I T C H I N G   H O H E N T  


























































































































C P  
L 
0.000000 --- = C "005353 
L 









K = 0.000000 
E 
5 
R E F  "_" 
S 
PROG 
I N T E R  
I N T E R  
= .92C569 - . D O 4 8 3 8  c -  
n 
0 
F F R  
F E R  
E N C E  D R A G  OF L O A O I N  
E N C E  D R A G  OF L O A O I H  I6 2 ( L I N E A R  CHORD 
G 1 ( U N I F 0 P . H  OR C O N  S T A N T  I ON L O A  
U I S E  I ON L O P  




B O D Y   B U O Y A N C Y .   I E R H  I IS 
B O D Y   B U O Y A N C Y   T E R H  I IS 
B O D Y   B U O Y A N C Y   T E R H  1 I S  
B O D Y   B U O Y A N C Y   T E R H  I I S  . 
B O D Y   B U O Y A N C Y   T E R H  I I S  
B O D Y   B U O Y A N C Y   T E R H  I I S  
B O D Y   B U O Y A N C Y   T E R M  1 I S  
B O D Y   B U O Y A N C Y   T E R r l  I I S  
B O D Y   B U O Y A N C Y   T E R H  I IS 
B O D Y   B U O Y A N C Y   . T E R k . J .  .IS 
B O D Y   B U a Y A N C Y   Z E R n  1. .LS 
B O D Y   B U O Y A N C Y   I E R M  I IS 
B O D Y  B U O Y A N C Y  T E R t l  . I . ~  LS- 
BODY  .BUUYANCY  T€RH.  .J IS. 
. B O O Y . . B U O Y A N C . Z . . T E ~ . . L 1 L  

















I N T E R F E R E N C E  
, I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
I N T E R F E R E N C E  
X N - T E R F E R E N C E  
D R A G  
O I t A G  
D R A G  
D R A G  
D R A G  
D R A G  
D R A G  
D R A G  
C R A G  
ORAG 
D R A G  
D R A G  
D R A G  




O F  






O f  
O F  
OF 
O F  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A b I N G  
L O A D I N G  















( L I N E A R   S P A N Y I S E  I 
( Q U A D R A T I C   S P A N Y I S E  I 
( Q U A D R A T I C   H O R O Y I S E  I 
( P A R A B O L I C   H O R O Y I S E  1 
( C U B I C   C H O R D W I S E  I 
( S I M I L A R   T O   F L A T   Y I N G I  
( E L L I P T I C A L  C-SUB-P I 
( L I N E A R   I N   A R B . R E G I O N I  
( N A C E L L E   B U O Y A N C Y  1 
( B O D Y   U P Y A S H   L O A D I N G  I 
( N A C E L L E   B U O Y ( C A H 8 E R ) l  
( B O D Y   U P W A S H   ( C A 4 B E R ) I  
( s a .  R O O T  F R O M  T. E .  . I  










O N  
O N  
ON 
ON 
O N  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A D I N G  
L O A O I N G  
L O A D I I I G  
L O A D I N G  





. .  . . .  . .  
. UING DATA  FOR EDDY BUOY. LCAHBERL. LOADING - - 
- . . . . - , - .- .. 
, . . . -. .. .. ". 
:.. . --969-500 .17 .LOAD  CHECK  .CASE 22 SPAN-STA.  YLT<FUSELAGE.ANO 2 .TERHS - -  
. . S P A N Y I S E   D I S T R I B U T I O N  OF SECTION ORAGJ L IFTJ. .AND  P ITCHING  MHENT " 
.. . .  
. . ._ . . - . " . ~. . - ." 
Y 
B I Z  
-" 







































































































































INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOAOING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE DRAG OF LOADING 
INTERFERENCE  DRAG OF LOADING 
INTERFERENCE D R A G  OF LOADING 
1 (UNIFORf l  OR CONSTANT 1 ON LOADING 
2 ( LINEAR  CHOROYISE J ON LOADING 
3 LINEAR  SP NYISE ) ON LOADING 
4 I PUADRATIC  SPANYISE ) ON LOADING 
5 IOUAORATIC  HORDYISE J ON LOADING- 
6 (PARABOLIC  HORDYISE ) ON LOADING 
7 I CUBIC  CHOROYISE 1 ON LOADING 
8 ( S I f l I L A R  TO F L A T   Y I N G J  ON LOADING 
10 I E L L I P T I C A L  C-SUB-P 1 ON LOADING 
12 ( B O D Y  UPYASH  LOADING ) ON LOADING 
13 ( NACELLE BUOYANCY I ON LOADING 
14 (NACELLE  BUOYICAHBER))  O N  LOADING 
15 ( B O D Y  UPYASH  ICAf lBER))  ON LOADING 
16 I BODY BUOYANCY  TERH 1 ON LOAOING 
9 ISP.  ROOT FROM T. E. 1 ON LOADING 
11 ( L I N E A R  I N  ARB.REGION1 ON LOADING 
. .  . . -. 
17 (BODY BUOY. (CAHBERI b I S  
17 (BODY BUOY, U A M B E R J  .I 'IS. - 
17 IBOQY EUOY.L..(CAHBER&..J-IL _. 
17 (BODY BUOY, lCAHBER1 L1S 
17 (BODY BUOY. ICAHBER)  1 IS 
17 (BODY BUOY. ICAHBERJ 1 I S .  
. ... 
17 IBOOY BUOY. (CAflBEPJ 1.1s 
17 IBOOY  BUOY*  ICAABERJ J I f -  
17 IBOOY BUOY. LCAHBERJ 1. LS - -  
17 1BODY BUOY. LCAHBER).J . .U . .  
17 (BODY BUOY. (CAHBER) I .IS. . .  
17 (BODY BUOY, ICAH8ERL.J .  IS . 
12 (BODY BUOY. (CAHBERL 1 IS . 
17 (BODY BUOY. ( U ~ E R l - C J f  .- 
17 ( B O D Y  BUOY. .LCAMBERJ .1 I S .  - 










-a34713632E-02 !- _ .  








FORCE COEFFICIENTS OF COHPONENT  AND INTERFERENCE LOADINGS 
969-50C 1 7  LOA0 CHECK C A S E  22 SPAN S T A B  WITH FUSELAGE AND 2 TERMS . 
G R O S S  YING A R E A  lC752.043141 SREFISPROG * . a.926569 
CI. 1 = 
CL i 9 
CL 3 
CL 4 = 
C l  5 
C: 6 = 
CL 7 * 
CL 8 = 
C L  F 9 
C L l l  
CLiO = 






c-n-0 1 * 
C-M-0 2 
c-R-0 3 0 
C-M-0 4 9 
C-H-0 5 = 
C-M-0 6 * 
C-M-0 7 = 









c-n-o 9 * 
.938399 F O R  UNIFORM OR CONSTANT LOADING 
1.020416 FOR LINEAR  SPANYISE LOADING 
,908181 FOR LINEAR CHORDWISE LOADING 
1.033028 F O R  QUADRATIC S P A N W I S E  LOADING 
-917149 FOR GUAORATIC CHORDYISE LOADING 
.917731 FOR PARABOLIC CHOROYISE LOADING 
.941350 F O R  CUBIC CHORDWISE LOADING 
-933996 F O R  SIMILAR T O  FLAT  YING LOADING 
,986059 FOR Sa. ROOT FROM T. E. LOADING 
-919594 FOR ELLIPTICAL C-SUB-P LOADING 
.018252 FOR B O D Y  UPYASH LOADING LOADING 
.DO5585 FOR NACELLE BUOYANCY LOADING 
,005585 FOR NACELLE BUOY(CAM8ER) LOADING 
"005353 FOR 8 0 0 1  BUOYINCY T E R M  LOADING 
-016252 FOR BODY UPYASH (CAW8ERI LOADING 
-036338 FOR LINEAR I N  AR8.REGION LOADING 


















cc  1 l I ( C L  1 ) ( C L  1 1  * 
co 2 2 I ( C L  Z I ( C L  2) * 
C D  3 3 / (CL  3 ) (CL  3) = 
cc  4 4 / ( C L  4 ) ( C L  4) = 
C O  5 5 I l C L  5J(CL 5 )  * 
C C  6 6 / (CL  6 ) ( C L  6 )  * 
C C  7 7 / ( C L  7 ) ( C L  7 )  * 
c c  8 8 / ( C L   B I ( C L  8 1  = 
C C  9 9 / l C L   9 l ( C L   9 )  = 
C D 1 0 1 0 / ( C L 1 0 ) ( C L 1 0 ~  * 
C D 1 1 1 1 / ( C L l l ) ( C L l 1 )  * 
C D l Z l Z / ( C L l Z ) ( C L l Z J  = 
CC1313/(CL13)(CL13J * 
CC1515 I (CL l5 ) (CL15J  = 
c 0 1 5 1 4 I ( c L 1 4 1 ( c L 1 4 1  * 




















I C D  1 2tCD 2 1 ) I I C L  1 l l C L  2) = 
(CD 1 3tC.O 3 1 l I l C L  ZJ ICL  3 )  = 
ICD. 1 . 4 t C D . 4  1 ) I l C L  1 ) l C L  4 )  = 
I C D  1 5tCD 5 l I / ( C L  1 ) l C L   5 )  = 
I.CD..L.Q+CD -6. l ) / I C L  1 ) I C L  6 )  * 
I C D  1 7tCD 7 1 ) I I C L  1 ) I C L  71 = 
( C D  1 8tCD 8 1 ) I l C L  1 ) I C L  8) = 
I C D  1 .9*CD 9 lII(C1 1 ) l C L   9 )  = 
i C D  l l O + C D l O  1 I I l C L  l ) ( C L l D )  = 
IC0 112tCDlZ l l / ( C L  1 I l C L 1 2 )  = 
I C D  111+CD11 1 ) I l C L  l l l C L 1 1 )  
(CD l l 3 t C D 1 3  1 ) I I C L  l I ( C L 1 3 )  * 
( C D  114tCD14 1 ) I l C L  1 ) l C L 1 4 )  = 
( C D  115tCD15 1 ) I l C L  l l l C L 1 5 )  = 
( C D  117tCD17 1 I I l C L  l l ( C L 1 7 )  = 
ICD 116tCD16 1 ) I l C L  l ) l C L l 6 )  
lCD.2  3tCD 3 2 ) I l C L  Z I I C L   3 )  = 
( C D  2 4tCD 4 2 ) I l C L  Z) (CL  4 )  = 
( C D  2 6tCD 6 2 ) I I C L  Z I I C L  6 )  = 
I C D  2 5tCD 5 2 ) I I C L  2 ) I C L   5 )  = 
( C D  2 8tCD 8 t J l ( C L  2 ) I C l  8 )  = 
I C D  2 7tCD 7 2 ) I l C L  Z I I C L   7 )  
( C D  2 9tCD..9 2 l I l C L  21 lCL   9 )  
I C D  210tCD10 Z ) I ( C L  2 ) ( C L l D )  = 
I C D  212tCD12 Z l I ( C L  2 ) I C L l Z l  = 
I C D  2 1 1 t C D l l  2 ) I I C L  2 ) I C L l l )  = 
I C D  213tCD13 Z I I I C L  Z ) l C L 1 3 )  
( C D  214tCDl4 2 l I l C L  21ICL14)  = 
_ _ _  , (CD.Z15 tCDl5  2 ) I I C L  2 ) (CL15)  = 
I C D  216tCD16 Z J I I C L  2 ) (CL16)  = 
( C D  3 4tCD 4 3 ) / ( C L  3 ) I C L   4 )  = 
( C D  217tCD17 2 ) I l C L  Zb(CL17) = 
I C D  3 5tCD 5 3 ) I l C L  3 ) I C L  5 )  = 
( C D  3 6tCD 6 3 ) I l C L  31ICL 6 )  = 
. I C D  3 7tCD 7 3 ) I l C L  3 ) tCL  7 )  = 
( C D  3 8tCD 8 3 ) I I C L  31(CL 81 = 
I C D  3 9tCD 9 3 ) I I C L  31(CL 9 )  = 
I C D  31DtCD10 3 ) I l C L  3 1  I C L l O I  = 
I C D  3 1 1 t C D l l   3 ) I l C L   3 ) ( C L l l )  * 
( C D  313tCD13  3 ) I lCL  3 ) (CL13)  = 
( C C  3 1 2 t C D l P   3 J I l C L   3 ) I C L l P )  
( C D  315tCD15  3) / ICL  3JICL15)  
I C D  314tCD14  311lCL  31(CL14) * 
( C D  316tCD16  3J I lCL  3 ) (CL16)  = 
I C D  317tCD17  3 ) I lCL  31(CL17)  = 
IC0 4 6tCD 6 4 ) I l C L  4 ) I C L  6 )  = 
I C D  4 5+CD 5 4 ) I l C L   4 I ( C L   5 )  = 
( C D  4 7tCD 7 4 ) I ( C L   4 ) l C L   7 1  
( C D  4 8tCD 8 4 
IC0 4 9 t C D  9 4 
( C D  410tCD10 4 
I C D  4 1 l t C D l l  4 
ICD 412tCD12 4 
JCD-413tCD13 4 
( C D  415tCD15 4 
I C D  414tCD14 4 
(CD 416tCD16 4 
( C D  417tCD17 4 
I I C L  4 ) (CL  8) = 
I I C L  4 1 l C L   9 )  = 
I ( C L  4 1 l C L l D l  = 
I I C L  4 ) l C L l l l  = 
I I C L  4 j l C L 1 2 )  = 
I I C L  41ICL13)  = 
I ( C L  4 ) I C L 1 4 )  = 
I I C L  41(CL16)  = 
I I C L  4 ) (CL15)  * 






























































tCD 516tCD16 .51!iC% J l l C L 1 6  





( C D  7 1 1 t C D l l  7 ) I l C L  7 l l C L l l )  = 
( C D  712tCD12 7 ) I l C L  7 l I C L 1 2 1  = 
'(CD 713tCD13 7 ) I I C L  7 ) (CL13)  ? 
( C D  714 tCD l4  7 l I l C L  7 l l C L 1 4 )  " 
I C Q  715 tCDl5  71/ (CL 7 l l C L 1 5 )  * 
I C D  717?CDl? 7 1 I i C L  71l .CLl7)  
( C D  8 9tCD 9 8 J I ( C l  8 I ( C L  9 )  
IC0  716tCD16  7 ) I lCL  71 lCL16)  
( C D  81OtCD10 8 ) I ( C l   8 ) I C L l D l  = 
ICD 8 1 2 t c ~ 1 z   e ) / f c L  B ) I C L ~ Z )  = 
IC0  811tCD11  8)I ICL  81. lCL11) 
I C D  813tCD13 8 I I l C l   8 ) ( C L 1 3 )  = 
I C D  81 '1+CDl4 .8 l I (CL   B I (CL14)  f 
( C D  815 tCD15   8 ) / (CL   8 I lCL151  
I C D  8 1 6 t C D 1 6   8 ) I I C L   8 ) l C L 1 6 1  * 
( C D  817 tCD17   8J l lCL   8 ) ICL17)  
( C D  9 1 0 t C D 1 0   Q I I I C L   9 1 [ C L l D )  = 
( C D  911+CD11   91 / (CL   91 (CL l l )  
LC0 912tCR12  9 ) / (CL  QI ICL12)  
I C D  913tCD13  91 I lCL  9 ) [CL13)  
( C D  9 lC tCD14  .9 ) I lCL  91  l cL14)  . =  
IC0   915 tCD15   9 ) I lCL   91 lCL15)  
( C D  9 1 6 t C D 1 6  9 I I l C L  9 ) ( C L l 6 1  
( C D  917tCD17  91I lCL  911CL171 





~ C D 1 0 1 6 t C O 1 6 1 0 ~ / ~ C L 1 O l l C L l b ~  
l C D l l 1 2 ~ C D 1 2 l l ) / ~ C C 1 l ~ ~ C L l 2 )  
. I C D 1 Q 1 7 ~ C ~ 7 l O ~ / l ~ L Y P ) I C L l 7 ~  ! 










































- r6h2552 . . 
a441247 
2.572ea,z. 
~ C D l l 1 4 * C D ~ ~ 1 1 ) I ~ C L l l ~ ~ C L l 4 )  = 
. .. ~CDl115+CD151l)I~CL1ll(CLl5~ .!. 
-.. . . .KD1117+CD1711)/~CL11)(CLl7~ = 
~ C O 1 1 1 6 + C D 1 6 1 1 ) / ~ C L 1 l ~ ~ C L l 6 )  = 
. ~ C 0 1 2 1 3 + C D 1 3 1 2 ) 1 1 C L 1 2 ~ ( C L 1 3 )  = 
. . (CDlZl~+.CDltl2)l~CLl2)(CL14) =
~ C D 1 2 1 5 + C D 1 5 . 1 2 ) / ( C L l 2 ) ( C L l 5 )  = 
.. . (CDl216+CDlbl2)l~CLl2)~CLl6) =
- ." (CDl314+CDl413)I(CL13)(CLl4) = 
~ C D l 2 1 7 + C D l 7 1 Z ~ l ~ C L l 2 ~ ~ C L l l )  = 
- .  (CD1316+CD1613)I(CLl3)(CLl6) = 
(CD1315+CD1513)I(CLl3)~CLl5~ = 
.. ~ C D 1 3 1 7 + C D 1 7 1 3 ~ I ~ C L 1 3 ~ I C L l 7 1  = 
! C D 1 4 1 5 + C D 1 5 1 4 l I l C L 1 4 ~ ~ C L 1 5 )  9 
~ C D 1 4 1 6 + C 0 1 6 1 4 ) / ~ C L 1 4 ) ( C L 1 6 )  9 




C O  YING-L 
C O  YING-L 
C O  WING-L 
C O  YING-L 
C O  WING-L 
C O  YING-L 
C O  UING-L 
C O  YING-L 
C O  YING-L 
CD YING-L 
C O  YING-L 
C O  YING-L 
C O  YING-L 
C O  WING-L 
. _ _  C Q  WING-L 
C O  WING-L 




































1 .  
3 .  
4 .  
6 -  
5 9  
7 9  












































- . O O O D 2 2  
0.000000 
. . . . . .  _. ._ ... dRDY_zERILs. . -. . .  - . - ... 
..... - -. -. ... . . . .  " ... -. ......... .. -. - . . .  " " " - -. . .  _. ......... - ". - " -- - .. . " " 
- ." .. - . 
. . . .  c-L..~" --.OOOOQ G o  .noooo~ c-n-=. , ~ 0 3 . 9 s n . . x ~  .=. .. -..ZZLUIL-  ALPHA,^. . .  - ~ c o o o a .  _ _  c-n-0-L 40 a... 
.- . . . . . . . . . .  - -_ "" . .  - ._: ~. -" .. . ." 
- .- _- - I & T ,  ORAGL  AND  MOMENT INCREMENTS . ." - . . .  ....... . ...... . . . . . . . . . .  . . . . .  . __ - .DUE .TO  BOPY LARRY-OVER OF YING L I F T  - - -.- - - - - - - - " - - -- - - - - - - . . . .  ...... . . . . . . . . .  . . .  
. - . . . .  -. ... __  - ..... . . .  . - .  .. - . " - . - . . - - -. - . - - ._ .-. . - -. . - . . - - " - 
. . . .  . .  . . .  ... . . .  . .  . . . . . .  . .  ". . c -. - - - - - " - - - - 
.. TYPE w..- . . . . .  . . .  
I UINGIET.LOARIHG . . .  . . L 0 " 0 ...I- . . . . . . . . . . .  - . " _ _ _  - .. ._ . . . .  _ .  . 
- - 
- t  c .  m - . . ;  
. ._ 1 UNIFORfl (IR CONSTANT .118088  . 10218  a032205 1 
- 2  LINEAR CHORDYISE -165429 -014306 ,006463 2 
. 3  LINEAR SPAWISE ,038359 ,003319 .OD8244 3 . . . . . .  
4 PUAORATIC SPANYISE .010797 0000934 .001281 4 
b PARABOLIC CHOROYISE e238510  -020680 ~ 0 6 0 8 4 2  6 
. . . . . . . . . .  -. . . .  . . .  " . . 
. . .  . . . . . . . . . . . .  
" 
... . .  . . . . . . .  
.3. _PU.ADRAUC .CH[lgRYISE  -207608  a017926  -a016465 1.. ... " .. - . - - . . . . .  - "_ . " . - . . . .  - 
. . .  7 CUBIC CHOROYISE *271410  ,023470  -.0 3052 7 . . .   . . .  . .  ... 
." . . .  
6 SIRLLAR TO F L I T  YING .120023  a010382  -049734 8 
- - - - - 
... . . . . . .  
.. 9 SQ, ROOT  FROM T. Eo -.161934 ..014018 *062718  9 . " .  . ..... - . . .  . . . . .  
. LO ELLIPTICAL C-SUB-P .128894  e011153  -035309  10 . . .  . . .  
11 . LZYEAR I N  ARBeREGION ,003426 e000294  .-.001259 11 . . . .  - ... ._ . . . . . . . .  - - . . .  --. . . . . .  
1 2  Boor UPYASH LOAOING .003074 . o o o m  .00105o 1 2  ... . . .  
1 3  NACELLE BUOYANCY e000086 .OOODO7 -.000035 1 3  . .  
1 5  BODY  UPYASH (CAHBERI .002659  .000230  .000820  15 . . .  
I4 NACELLE BUOY(CAH8ER) .000053 .000005 -.000022 14 
1 6  BODY BUOYANCY  TERM .000182 .000016  -e000350  16 
. -  . 
. . . .  
- .. 
. 17. . BODY  0UQY. (CAMBER1 -*000069  -.0 7  -e000295 1 7  . . .  . 
. 
" 
OELTAT =. .422 SEt.. T := tO8Z.;Ol  SEC. 
RESTART D A T A  PUNCHEDI DECK I M A G E  FOLLOWS. 
. . . . .  
969.-500 1 7  LOAD  CHECK C A S E  22 SPAN S T A .  WITH FUSELAGE AN0 2 TERMS RESTART 
2 1  20.  .1.2 4 1  .20 2 5  11 2 1  1 9   7  22 46 45 4 3  42  40 39 37 3 5  34 . . . . .  . . . . . .  
3 1 2 4 2 7 2 4 2 0 1 6 1 3 1 0  9 8 6 6 5  5 1 2  3 4 5 6 
7 8 9 1 0  11 1 6   1 7   1 4   1 3   1 5   1 2  . . . .  . .  
. .1191436.9Z6281E+Ol  ol53.k397023106E+01  .9 87199921286E+00  .7644823748055EtOO 
.. ~1820676OO6052E+01  .163994889748lE+Ol  .2016624882681E+01  a1 13978786573Et01 
. .1326744771816E+01  .1227567816936E*01  .658b312236193E-01  ~1 09113885135E-01 
- 
" 
. .  
. . . . . .  
._.-a3554167929359€-02  01534397023106E+01  ~2427771011671E+01.  .7818414627068Et00 . .  
m3580BI0U4972E-IU  .70 3367855027E-02  e2324970154520E-01  -.1122202583347E-02 ._  . ._ ._ . - . .  
.~4199359911+23E+OO ~.3202299855232E+01 .2457158862649E+01 .3554950491973E+01 
~1362013949550E+01  ~1739411186432E+01  ~1646070902093E+Ol  .1247628099813EtOO 
r109635232721OE'Ol .4354154169237E-02 -9861148813370E-02 .2994061940195E-01 
q3287426509946E-02 .1776786738630E-02 .9087199921286E+OO .7818414627068E+OO 
, o46.l9943bl~736E+OO  .7764707795822E+OO .6672366652443E+00 .7977846344839Et00 
.)710443~b1398E-01  ,9612965507468E-02 .5530296196860€-02 .943256075628bE-02 
e1k884180851k4E-01  -.5245728207967E-02 -.7899126215912E-02 .7644823748055EtOO 
- .  *.~~70819.72783~kE+01  .1772485513297E+Ol  ~6531566609634E+00  .4149047863636E+OO . . . . . . . . . . . . . .  . . . . . . . . .  
_ .  -
.ZQ46627129120~5+~0 
.33Q!5673,019399E+OO 









. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T E A 2 5 3 9  17 L O A O I M G  V E R S I O N  OF O C T O B E R  30, 1975. 
OPTIMUM COHBINATION O F  17 W I N G  L O A D I N G S  
969-5Q(L-.l? _L-CHECK-CASE 2 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5M.N STA. Y I T H  F U S E C . A G E   A N 0  2 T E R H S  _- . - " . . . - 
- " NuaeERoF. .~NEOqy. .B~nKPOINLsI_o-  FLITPLATE% UdL- -1. rl ~ . 
N U M B E R   O F   S E Y I S P A N   k L E Y E N T S  = 40.0 
N U H B E R  OF S P A N   S T A T I I I N S  FOR C A M B E R   S U R F A C E  22.0 
P R I N T  F L A G  = 2.0 
SHOOTc(1NG F L A G  = 1.0 
- S P A U - I A T l o Y R - P n R A ~ U &  PEX-I-=!LO- " _ REILAFLL I L A . r i z . 0  . . . 
B A S I C   H A C H   N U H B E R  = 2.  ?PO0 D E S I G N   C - L  = . loo0  
N U H R E R  r)F C A M B E R   O R u I h l A T E S  = 
R E F € R E N C F   A R t A  9 Y898.OOUO N U M B E R   O F   P O I N T S   D E F l N I N G   A R B I T R A R Y   R E G I O N  = 
12.00(r0 
2.0000 
" 0 CONSTRAN.1". . _ . P 1 0 0 " " . " ~ € ~ U I ~ U 9 L O  
19.0000 
CRAR. ~- . . . . ." N U M B E R  o F . . 4 t A D I h & S ~ ~ - 1 7 . 0 0 0 0  .. .. - .  1C0 .4  
P I T C Y I H G   M O M E N T   C E N T E R   A T  le7.oiGo: 
__ .. 
" . .
S P A N   S T A T I O N   F O R   S I D E - O F - B O D Y  = 4.9688 N U M B E R   O F   B O D Y   C A M B E R   J R O I N A T E S  = 
- . . - . - 
B O D Y   U P W A S H   L O A D I N G   T A B L E  0.0 0.0 
~- - "" -  
Y I N G   U P P E R   S U R F A C E   L I h I T I N G   P R E S S U R E S  * 2.0 2.0 
U I N G   T H I C K h E S S   P R E S 5 b R E S  = -21.0 0.0 
N A c + _ L L L . B l ! . L D U N C L W ~ U S  0.0 0.0- ." 
C A H B E R   S I J R F A C E   O P T I O N   F L A G S  = 
" " -_ ____ __ 
1.0 1.0 1.0 3.0 
~ 
"- 4 C O N S T R A I N T S   A R E   4 P P L E D  ON O R D I N A T E -  ____ "- ". - . - - 




X ( ! )  Y I  I )  Z( I) 
"" " . 
P L A N F O R H   O F F I N I T I O N  
( L E A D I N G   E D G E )  
X 
Y C H O R D   ( T R A I L I N G   E D G E )  
X 
1 59.999300 0.000000 183.861 700 
2  77.328000  4.068890  166..6?000(,  243.3q800  
4 




5 116 960303 n6.333000  125.35U030 




4 7 . 5 4 4 0 0 0  3E.6R1000 
225.810000 . 47.*45000 
9  258.210003 6 6 . 2 5 ~ 0 0 0  143 445000 272.655000 . 





"____ 31.250(r00  77.29509  _________ ___ "" 246.275000 
258*491CGO 
25B.491OUO 32.6810i#O 
- .  
- "- 
VALUES  OF  SEMISPAN  LOCATIOY AT YHICH  Y ING CAMBER SURFACE U I L L   B E   C A L C U L A T E D  
- " 
1 
. - _ a p O O D  2" 3.00UO 4 .DO00 5.0000 6.0000 7.OOUO' 0 .oooo 10.00110 
30.0006 40.4000 
12.0000 14.0000 16.0000 19.0000 ZP.OOOO 25erlOUO 20.0000 30.0000 32.0000 36.0000 
-__ __ "" __ - 
WING GRID SYSTEM  PUTS  SIDE-OF-FUSELAGE AT Y. 5.14063 AT EDGE OF 'ETFHENT ROY. 3 
- ". 
Y . - - . . " - - ".  i UPPER Y I N G   S U R F 4 C E   L I H I T I N G  C P  T A B L E I  




207.00000 269.80000 Y STATIONS 
0.00000 100.00000 
.. " "- - " "" 
ARBITRARY  R t iG ION  DEFIN IT ION  (LOADING 
"
L I M I T  C-P 
- 
-.137COO -.137000 
" FRACTION OF I _ E M . € S P W  __ -.1370@0 -. 137000 
0.0000u 1.00000 
FRACTION OF LOCAL CHORO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
,79943 ,60235 * * * * * * * * * * * * * * * * * * *v** * * * * * * * * * * * * * * * * *  




* * * * * * * * * * * * * * * r * . ~ - ~ * ~ * ' ~ '  
. . . . . . . . . . . . . .  . . . . . . . .  . . - . -. .............. - . . . . . . .  . . . . . . . . . . .  
. . . .  .................... - ................ ............. .... "_ _."-".. . . . . . .  
. . -.  -. - - , . .  ._ 
* * * * * * * * * * . *+*S* i *+; *~*~ . * * *~~* . *~~; . * *~; . *~  ___ 
SOLUTION FOR DESIGN C = .100000 
.o1ooco 
.. " . . . . . .  ._ ... -. . .  ".  ." _" _ .  __ __  . 
" M I T H  c C O N S T R A I N ~ D - T ~  "- " 
L 
M 
. -. " ." - . - - -. . - - . .  - ...... .. . ..... . . . .  ***.j.*rj****+*~****~**~*~**j+*+.+j.******"*. 0 - " " " "_____ - ._ 
H 
0 . . .  - - 2  
12 
3 . ... 4 .  
13 1 4  
. 5 ." 
15  
. . . . . . . . .  . .  ". ... . . -. " " ." " .. . . .  - - 
. . . .  . . . . . . .  .......... -. . . . . . . .  - . WING .09005 eOJ3b74. .GO2035 
WING INOJCED ON FUSCLAGE .o0505 . 0007e2   .003207  
~ WING _I.N.JU&t,D. 0.N NACELLES . C , @ O O O Q .  . O O . O 1 5 4 . - ~ r O ~ ~ ~ O !  
FUStLAGE .OOOOO .000001 e003958 
... ___ __".---.-. 
""" "_ """" 
T O T A L S  .10000  e0 4614  . 1 00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .- - ...... - - - . . . . . . . . . . . . . . . . . .  - _" - . ....... . . . . . . . .  . . . . . . . .  A" .. __ . 
. .  ..... ._ -. . . . . . . . .  . . . . . .  " . . . . . . . . .  " .. . .  "- 
. . . . . . . . . .  - - ...... - - ..... - ... .. . . .  
LOVER UPPER' UPPER 
. - - I . - . 
Y X X - P R I M  L I F T I N G  Trl ICKNESS SURFACE  URFACE SURFACE 
C C oc I ox -" 
" 
""_ - ... " . c ....................... c- "" ~ 
e t 2  L CHORD P P P P P 
" ". ............ . 5 ~.2i. . .  
___ .075000 ?29?08e_-, .272?40 . . - 
e F 7 5 0 0 3  . 22 '2 i l4  - 
e075000  e274554  e2472  
e075000  313621 297252 






e 3 7 2 2 9 0  
a075000 
397303 
-411287 ...... . . 




0453353  -4723 1 
.075000  0489420  -522366 
__. - 075000 - -. .. .j=e8?- .. ". 
____ I__ " - " " .. 













001  500 
-e016503 
-.019401 
075000  ,567a53 622416 . 07s000 ' -05 0473 
0075000 
e072766 . 
e606619 672442 .086603 
"_ _" - *5870!6- .- .. "_ ,6474?9- - 
.075000 62b153  e697454 100066 
0075000 ,655686 a722467 
a 075000  0665219 e 7474 80 e073422 
088 262 
.075000 
~ 0 7 5 0 0 0  *6.e_clZr-:_. . -*112C9_t ... ". .0,58466... 
0704285 
e075000 723819  -822510 .J46827 
797505  a043489 
__ . " 
-. .. . - . 
, 125606  
_ .  e125000 
125000 
. ." 




I 12 5000 
.125000 
e125000 
. . . e l25003  
e125000 
125000 




e l25000  
.125000 




. -  e125000 
. _" .?25POO. 













" .  . _  .15_000g 
















. . .255021 
,274554 





































r 2 5 5 0 2 1  
,274554 
.29;068 





















































... . . .  
-195725 
elb3983 


























,056  804 
. 0 4 2 6 2 6  
.0'11241 
e036275 
0 4 6 4 4 3  
mO74205 
,375564 
, 0 9 5 6 ~ 4  



























- .  .001318 































, 0 0 0 4 4 4  
002 798 
. . . . . . . . 
. *I;03?1? ... 
002477 
.001061 






. - - . - . - - - 
,030829 















. @ 3 4 4 6 6  




















. .. . 








































e l 5 0 0 0 0  
.150000 
A 7 3003 
e175000 ,. ~ 7 5 0 0 0  
a175009 
17   5000 
175000  
;iisooa 












1 7  5009 
.17soou 
.175000 
._ . .. 175003 
1 7  5000 
0175000 
- 0 17.5000 
0175000  
0175000  
- . . . . . . " 
372220 










e > d l 9 8 6  
.bo6619 
626153 
, 6 4 5 6 8 6  
ebb5219 







e fJ4 lQ ld  




































. 4 4 0 2 2 7  
. 4 tb245  
,524280 












































































m 106341  




e 0 7 8 3 6 3  
a074713 
.07aYl6  




































- a 0 2 2 3 8 8  
- e 0 2 4 4 6 2  
-e025694 
-.027159 
- e 0 3 0 6 3 4  




















































































.. - . 














-e043094 -. 054400 
- io53975  
- .049111 
- e  045969 







- e  087330 
- e  043204  
-1110970 








- e 0 4 3 5 2 2  












- e 0 4 7 2 3 4  
-e054639 
-.OC7405 



















e060736 , .  . . 
-e001371  , 
-e001387 
- e  061097 
-.OGl260 




. . . . . - . . 
.oclc(aa 
. - - . .. - . .
-e012223 
-a009371  
0 0 ~ 2 2 5 8  
. O O Z Y Z d  
e003499 
CP G R A O I t N T   L I M I T  = 
CP G R A D I E N T   L I M I T  = 
CP G R A D I E N T   L I M I T .  = 
.Ob2644 
e00L976 






















. - . ._ . . . - . . - 
. . . . . - .. . 





-. . . - - . . - - . . - - . . . 
175000 
175000 


























. *209w!, . 
.200000 
.200000 
. 20on03 .200000 
.200000 
















" . . . . - -  - - 
-. .???!Qp!?" 
- "" 
" .. . . . . . 
743352 
,762885 
. .. ,182418 
" ?.84101ti 
e801952 








- . .. a33154 




. ?450353 .  
.*30820 
















_ .  e601352 . . ,  
821485 
,841018 












- - - - " . . . . . . 














l l b 0 6 4 1  

































~2 ,36354  
e271689 
e305024 
. . .  " . 
r .  














.. . - .003381. 
-e007126 
1243961 
a219017  e018830 .1063'38 
,182683 -e006070  .Ob2117 
.050600  e150481,  
e146345  -e008385  .O42152-
m12.5839 -e005333  e036662. 
112878 
.096716 -.00062.6 . .-. r032290.  
,085624 -.U01289 m02806b 
.000593  e038648 
.065731 
e063790 





061 30 8 
sJ51539 
.037901 
02C 6 C  6 
-.Gob031 
,002529 







































































.W7?2_b _ _  
133371  -.011298  e0 6 82 
,123114  -.005964 eG39OC4 
.lo90771  - 004577 
e094943 -.00513C 
,035988'  
094688 . - e 0 0 4 6 6 3  
e030893 
e033232 . bd8 76d -.002499 e092279  -.bo3719 ,036266 m034Yll 
. . . .. .. -. 





. -.05?505- . 




- .  . _. 













































e O O 2 5 C  
250060 
.250000 
~ 2 5 0 0 0 0  
e 250000 
0 250001, 


































_ _  .~?OOOP~... - 
- . .  
. _ .  3-00003 
- - .300000 





















e d 4 1 0 1 8  
d21485 









. 4 3 V 4 2 0  


















. a b ~ J 5 1  


















. 83  63 78 
,871713 
-905047 















































, 0 0 7 3 1 ~  
eOL7c172 












.15Y 09 5 
,137441 
-123374 












- e 0 0 0 0 3 0  





































- . 034100  
.027jCG -. U06747 
-.010001 
-a010424 












. -r010861 _ . .  
-.013360 







































- 0 4 2 8 8 4  
aQ39Y58 























.. . e036537 
4 7 4 q 4  
,141628 
,0777  55 
.055001 
-e025239 
- e 0 1 6 4 4 8  -. 01C4Zb 
-.019380 
-.a27843 



















- e 0 5 3 6 2 8  
-a055927 
-.OSC209 





























CP G R A D I € N T  LIMIT = moo250 
,022346 . . . .. 
,003149 
CP G R A D I E N T  LIMIT = 
a003523 
e00250 





.009523 . -  





.902121. . . . _ .  
. .  . .  
. ._ - . - . 
-.OC'J308 

















































. 4 7  4000 
e475OCO 
.- . 
_, e r75ooo. 
.- . r'i5ObO 
o 475000 
















































. r 82,18 
e516063 





















e 7 4 7 7 0 0  
e767476 






















































































































































e 0 4 3 3 2 4  
-045909 
e044860 
, 0 3 8 6 4 4  
,042871 














































a 0 0 0  194 
-.010542 
-.00661b 









*001231. . _ _  , .  . . . . . . 
.OUl204 
eOC2019 
e001694 .. . .  . 
C P  GRADIENT LIHXT = 




- e  000 727 
-.0(475d 
-.OC4732 
-000170b . . . . . - - 1  - 
-.002160 
-401883 
" . .  
-.Oll252 
. - . . . . . . . , 
4 
0 
". - - . " - .. .. . .- 
- 4 7  5003 
e475000 








































. .  









7 0 w o  _ _  - .  . . - - . . 
.. 
. .  
" 




6 8 4 7 3 2  
e 413567 
e 4 6 7 7 2 7  
723813 
:704205 e321887 
.7433?2.". . e630207 
576047 












. 7 3 4 2 8 S  
1 4 3 3 5 2  
e723819 
, 7 8 2 4 1 8  
e762865 
e801952 








































.3  59144 
e 4 9 1 4 2 2  
.557260 
-623099  
. 7 5 4 7 7 7  
,666938 
e820616 





















e 7 C 6 4 8 0  




- - .  
































. l ~ 4 3 0 0  
e168901 
e15  3665 


























































". 0 4.5 6.6 2 
e028908 
e04289b 




._ -093167 . ._ - ._ 
CP GRADIEf4T LIMIT = .00250 
e003177 . 
-001459 




e750000  ,797166 0.000000 e155210  e021400 




00~2178  . lo 575  -e105798  pa0 1 04 
m193639 - *  48 .OB5537 -. 02 -, 22 
e750000  .e60551 ,440612 ,175541  -.016334 
.750000  e880085 e 5 1 6 3 9 4  -157126  -.027 70 
.Ob8780 -.106761 .000497 
"
. 0 ~ 2 7 0 4  -.06243+ -.u2385r 
1.000000  ,932073 0 . ~ 0 0 0 3 0  ,020245 .c34900 .035123 e 0 3 4 8 7 7  -.OS9889 
- .~ . _  
1.000000 
1.000000 
e958218  ,384889  .916316 .Ob1215 -.045504  -ab03359
,977751 
a 1 ~ 6 7 1 9  
1.000000 997284 9 60016 . 0 9 e m  - . O Z ~ M I  .021900  -e076922 -.007513 
,672452 ,096514  -.bo3127 038773 -*  03  - . 0 5 7 7 4 ~  - 
1.000000  1.000090 1.000000 .lo2811  -.025400  ,021 6 - . oe l sG -.iie?ii 
M I N I M U M  OF I C  
- 
- c  ) =  ,0094 AT 80.0000 PERCENT  SEMISPAN AND 100~0000 PERCENT  HORD 
". ._ 
P P 
I IPPER  SURFACE L I M I T  ~~ 
MAXIMUM OF (C - L I M f T I N G  C 
m 
a00187 4 T  3 0 . ~ 0  PERCENT  SEMISPAN  AND 8.64 PERCEMT CHORD. 
G R A O I F N T   G R A D I E N T  
" _ _ _ _  . 
9 
DELTAT = 2.707 SEC., T z 3 . m  SEC. 
" 
SUMMARY OF PRFSSURE  LFUEL  AND  PRESSURE  GRADIENT  CONSTRAINT  CYCLES 
.. 
MOST  =TIC AL _ _ _  
MOST C R I T I C A L  C G R A D I E N T  
D F L T A  C P 
P PLANFORM  LOCATION INCREMEMT  PLANFORlC  LOCATION __- 
CYCLE M Y ( P O S I T I V E  1.5 1 I N   P E R C E N T )   ( N E G A T I V t  IS I I N  PERCENT) 
C 
NUMBER 0 E S 4 T I S F A C T O R Y )   S P A N W I S E   C H O R O Y I S E   S A T I S F A C T O R Y 1   S P A N L i I S E  CHORDVISE 
1 . O l O O O  m46140 e009442 a0.0000 100.0000 . o o l e n  30.~000 a.6380 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SOLUTION  F R  DESdGN C 9 . lOCOOP 
W I T H  1 CONSTRAINTS ON  PRESSURE  GRADIENT 
U I T H  C CONSTRAINED T O  .010000 
- 
- -. . - -. . . . - - L 
- " 
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- ___ 
PLANFORM LOCATION OF SOLUTION P R E S ) U R E C O Y S T R P B N T S  f I GRADIENT AND o L E V E L )  
__. -- - - . _" - S D A N U I S E  CHOROUISE 
( P E R C t N T )  ( P E R C E N T )  
"_ - 
.. GRADIENT CONSTRAIYT A T  30.0000  e.6380 
AT Y 9 4 . 9 6 9   A N 0  X 0 130.R50~ 2 IS CONSTRAINED TO -4.070 
A T  Y 9 4.969 AND X 9 189.000, Z IS CONSTRAINED  TO -10.lb0 
AT Y 9 4.969 AND X 0 243.390r 2 IS CONSTPAINEO TO -14.110 
AT Y 6.625 AND X 0 189.0001 2 IS C O N S T h A I N E D  TO -8.320 - 
A C-L 
I 1  
k .  
'0 
K 
E , 1 9 1  2 3 9 10 4 5 * A  ? 
14 
8 
15 16 1 7  
" - 
11 12 13 
~010000 ,468216 n338353 -e454679 ,251839 -e134100 . to6683 e A 2 3 5 b b  -e042776 "172716 -e040738 -.024219 
"- 
a008370 e010252 a 0 0 5 5 8 5  -e000389 ,022221 -e005343 -e008901 
__ 
LAGRANGE NULTIPLIERS - . 0 9 3 9 3 0  .046614 -.00012e *000794 . o o o m  -.000231. .oooose .oo0040. ,~-.aoooos . -.cue791 ". - - 
~- ." 








. . '  
r) 0 . .  
___- "" "- 
. .  
U I N G  .09Gb9 -003698 .003017 
FIJSELAGE e00000 e000001 e003958 
UING  INDUCED  ON  FUSELAGE- .O0931 .0@?806 .003025 
UIWG I N D U C E 0   O N   A C E L L E S  0.00000 0000177 0 . ~ 0 0 0 0 0  
" 
. .  ""-" """" """" . .  
TOTALS .IOOOO . C O C ~ ~ Z  .OIOOOO 
. . .  
~ "" ~ " 
_____"__ 969-500 "" 17 LOAD  CHECK CAS! 22 S?AN STA.  Y I T H   F U S E L A G E  AND 2 TERMS - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S O L U T I O N   P R E S S U R E   O I S T R I B U T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
, .  
' X  X-PRIME . L I F T I N G   T M I C K N E S S  
LOWER  UPPER UPPER., 
SURFACE SURFACE SURFACE 
C . c  , C ,  ; e  OC. L DX 
Y -  . - .  .-.____ 
"e - """ - .  - . .  
e 12 1 CHORD P P P .P.. P .  
.. - . .. 
____..________ 
e075000 ,081496 O ~ D O O O O O  -.0921?3 -035300 . -.026767 ,065367 -e016963 
.07'1000 ,008755 ,022113 -.r)A3946 .024509 -.O~J3141 
.075000 , l g 8 a  ,047126 ~ 0 5 0 3 3 4  ,e012303 .011503. =~03883_2 . .-*01093Z. . . . .. . . . - ___ 
, .  ". 
.o1oeos -.013m 
750000  e9191S1,847956 
I 750000 
e133726  -so47613 
a939694  ,983738 
,017C36 -rl l629U -.001870 
.750000 
,155842 - e 0 5 4 7 0 3  
0941024 1.000000 
0034841 -0121001 -.OD1446 
a155U74 -.0555UO . 0 3 3 ~  - . I ~ T s ~  7.e~157+ 
.800000 
.800000 
e824147 0.000000 - . U 1 3 4 3 6  .041500  ,028132  ,04156   -e063228 




.093407 -.05-5448 -e012943 
.800000 
,180579 
,880085  e434729 
.004386  .09011   -no9 464 -.GO5422 
.800000 8996  18 




,919151  ,738342  ,142513 -mu41961 
,047675  -e113111 -.001231 
.800000 .938684  .1317'16 -.U51689 -012429  -a119317 -.GO1729 




.878llO 0.000000 - 1 0 7 4 7 2 4  ,045400 -.000962  a073762  -e081259 
a 900006 
,899618  -218797  ,123800 a029996 
,919151 C! 7509 , 1 4 2 2 4 4  e007424  ,0734 8  -e 68796 -.006536 
,985293 . -e039507 -.COP156 
a 9 O O O O O  e938684  .616221  ,137765  -e019811  -044643  -.093122  -a093842
.9OVOOO 
.900000  e97641   1,000000 mIL1135 -e055900  e002417  -e118717  -a003391 
,905002 0 ~ 0 0 0 0 0 0  -.110712 
.Q50000 
950_000 .. " .046200 .-.018606 I 09210C  -.09b914 _ _  
e919151 lbQl59 .OB1009 , 0 3 5 5 8 2  .067821  -mol3269  -e014582 
a950000 e938664  .404170 . IZOlt t  .016132 
.950000 .Q5821R 
~ 0 6 9 4 4 2  -.050685 -.Ob7386 
.950000 I 977751 
,639199 -_ ,119832 - 
.E74220 
awl0747 ,043738  -.076094  -e03487  
.110815  -.039349 .OlZi36 -.098678 -.007327 
e950000  a988205 1 ~ 0 0 0 0 0 0  ,111397  -.05680@ -.OU4602 -.113998  -.008170 
___-.. -
.95ze19 1.0oaouo ,129e04  -.056700  e006497  -a123397  -e001489 
"- - . - - - - -.  .- "________ 
~ 1959218 814933 . l t 1 2 5 3  -.OC2724 .014824 - . 1 0 6 4 2 f  -a003658 , 
" . - " -
1.000000  ,932 73 OIOOGOOO "143336 . n w ~ o n  -.046668 , 0 9 6 6 6 ~  - . i l e l aa  
1.000000 
1 .oooooo 
0958218  ,384809  .093331 aU16316 e054371 -.038660 -.GO5931 
e977751 
1.000000 ,997284  .960016  ,091394 -.022681 .018186  -.07320  -.005630 
,037142 -.0564iI9  -.0029?7 
1.000000 1.000000  1.000000  ,092779  -e0254   ,01623  -e 76539  -e00597  
___" " 
,672452 .0%3.851 -.~103127 " 
M I N I M U M  OF ( C  - c  1 .  ,0136 A T  s o . r o w  P E R C E N T  SEMISPAN AND 1oo.oouo PERCENT CHORD 
P P 
U P P E R   S U R F A C E   L I M I T  
M A X I M U M  OF ( C  
P 
- L I M I T I N G  C 1 -  .Ob108 AT 7.50 P E R C E N T   S E M I S P A N   A N D  19.72 P E R C k N T   H O R D .  
G R A D I E ~ ~ T  
P 
G R A D I E N T  
.. .. 
O E L T A T  * 2.688 S E C o r  T 0 25.966 SEC. 
- ._ 
SUMHA~~-FPRESSUPELEVELNDRESSURE GRAOIF TCONSTRAINT CYCLES "" " .. . 
" -_ -. - . __ .. "" __" ___-________ 
n O S T  C R I T I C A L  
n0ST C R I T I C A L  
C G R A D I E N T  
" . - -. - -. -. - . 
d E L T A  C P 
P _. _ _ _  .. C 
C Y C L E  M K ( P O S I T I V E  IS ( I N  P E R C E N T )   I N G I T I V E  IS I I N  PEIICENT) 
__-.____ P L A N F O R n  LCCATI1~"" I N C R E M E N T   P L P N F O R n   L U C A T I O N  
NUMBER 3 E S A T I S F A C T O R Y )   S P a Y Y I S E   H D W I S E   S A T I S F A C T O R Y )   S P A N Y I S E   C H O R O Y I S E  
1 .01060  e46 40  -0094 2 n3.0030 ln(i.00r)F 






.001080 7.500~  19.7202 





SOLUTION FOR DESIGN C .100000 
WITH 2 C9NSTRAIHTS ON PRESSURE  GRADIENT 
WITH C CONSTRATNED TO .01000C 
" 
___". n 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
" ___ ___"- 
PLANFORM  LOCATION OF SOLUTION  DRESSURE  CONSTRAINTS ( 2-CRADIEN1,AND 0 L E V E L )  
.. - . " G . h Q I E N t C O * ( S T R A I N T  AT 30.0000 8.6380 
GRADIENT  CCINSTRAINT A T  7.5000 19.7202 
.OLpQOQ> -472958 e487378 -.425316 -189910 (;.140481 e190797  ,115615  -so30996 -e038986 ".lb9180 , ,-.ll295t 
-. .I. ,004064  .ole252 . o m e 5  -.oom 4 .003075 -a005353 -.00047b " 
LAGRAN6E.MULTIPL IERS -e095586  ,034491 eO55211i  -.00@240 .PO0842 .OOU235 -e000235 .00005C oOOOO49  ;m000066 -, 6 4  
" 
CONFIGURATION FORCE AND IOMENT BREAKDOWN 
_. -___ " 
C 
- 
C C M 
-__ L "-sL.-O , .  
WIN6 -09063 ~003752 e003178 
F m L I G E  - 0 0 0  Q I L . 0 0 0 0 3 1 9  " "" " 
YING INDUCED ON FUSELAGE .00937 .om812 .002864 
WING  INDUCE0 ON NACELLES 0.00000 .000165 0.000000 
TOTALS ..lOOOU 0004730 .010006 
""_ """" """" -. 
9 
" 
969-5T 17 L O A D   C H E C K C i f E - Z Y  S P A N  STAT  WITH  FUSELAGE AND 2 TERMS 
" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
"-___ 
. ,  SOLUTION  PRESSURE  DISTRIBUTION^ , . .  
. I. . .  
1 1 . ,  LOWER UPPFR  UPPER 
Y . _ .  x X-PRIME L I F T I N G   T M I C K N E S S SURFACE  SURFACE  SURFACE -" . - ""-" C C 
s t 2  , .  L . C?@RD C C DC I DX P P P P P . . . .  . 
J 2 - e - a  ._ 
.075000 
, .d. ;. 
.0914eb O ~ O O O O O O  e010929 ,035300 sOZClb4 0313836 -e008219 
I .  ., 
__ e075000- -098755 a 13 ,036603 .[rZ4509 022133 "014469 " 95 . . " . .  - .  . " ,  . .  . 
.. .. - . " - . 
750000 e91  91 51 ,847956  ,121752  -.04?613 
750000 m93868k ,983738 ,152031  -e054763 
.750000 .951021 l.O000(LII r ~ b " 4 5 5 0 0  032526 - 950 - I - 
,011459 -e110303 -.OD2189 
,032935 -.119096 7.003421 
.800000 e825147 OmOOOOO'J ' . nooooo l B k i Q L B . 1 3 U _ . 1 7 1 7 9 3  ,14771~   . 04 500   e lU 7b   - . 339~+0 - e 0 1 5 6 5 3  
000000 .dbO551 ,282922  ,16505   ,004386  ,082355 -a082705 -e003004 
.800000 .d800RS ,434729  ,149961  -.01419U  -057525 -.092435 -e002175 
"--A!lOQppQ.-_-.949610 -*  32 
.800000 e919141  ,730342  e120911  - . 41961  e01657   - lo4339 -.001101 
*36453&- .- ~ ~ Q E . " . O J O S B . L " . - . 0 3 4 5 3 3  
.800000 ,938684  ,890149  elr6033  -e 51689 m~O457L -a111461  -,00252  
" BOOOOO - 1 9 5 t 8  10 LQQUUL - " t l E @ & - - - ~ & ~  "1 19970 94 
.900000 .078110 0.000000 e096638 .045400 0084719  -e011919  -a018834 
.900000  ,809618  ,2187 -, 75 -. 28 
e POOOOC ,919151  ,517509 
9 7 " 2 l X ! ! i L   9 9  
,119639 
.086861 
,062146  -a057493  -e3 4904 
900000  -9386A4  e616221  .lo9 15  -.U198  aU35318 -a078797 -.bOSU99 
-*  19 -. 5 4  
.900000 ,976410  1.000000  e108 57  -e045900  -.004 22  -e112178 -e606472
-"lppUo.aooooo " ,mu A 046260 d 7 3 b Q Q  uo1n91 - 7 5 h  
I 950000 m919151 ,169159  ,105 61 ,435402 .080256 -e025705 -e004845 
e 950000 e038684 404179  r104L30 ,016132 .n61429 -.J42071 -.uo5173 
.950000 -917751  .675220  a091902  - .03934  .OOZ680 -a089222 -.008U05 
. 950000   0988209   1 . 00~   . l o 134 -.OSbPOO -mol0233  -.110367  -e011597 
024355  104876 -, 0 " 
" 
" 
.9o9006.9~" . R l S 9 3 3 " W 9 0 1 9 - . 0 4 u z 4 "  m 7 7 u  
" 
- .950099 "19511218  ,639L99 -.09%j& -a013747  .&724 - ~ 4 ~ " - = ~ 1 ~ 5 0 7 9  ". - 
1.000000 
1.000000  .Q50218 ,384089 e107535  ,016316 -061623 -e045912 -.Ob2865 
1mOOOODO m0972q4 .960016  ,104305  -e022681 e324641 -e079665  - .0075bl 
1 .000000  1 .0   1 .0   e~08688 -.02SkOO e024194  -e084492  -e009116 
." " - - - . - - - - . - " 
.932073 o.oaoooo 
." - 
,069148  ,034900  -059574  -e009 74 -.027k20- 
. . . . . . . - 
1.000003 ,977751 672452 .CepTp2--. -.uo7127 . 0 4 ~ ~ 1 4 ~ ~ 9 1 9 3 8 ~  -.003105 ". . 
-_ - __. . .. - - .  . . - - 
M I N I M U H  OF ( C  - c  ) .  
UPPER  SURFACE 
" 
, 0161  AT 75.0000 PERCENT  SEHISPAN AND 100.0000 PERCENT  CHORD 
P P 
L I m I r  _" - 




G Q A D I E N T  
" - 
D F L T A T  2.698 S E C e r  T = 26.604 SEC.  
SUMIARY~OF PRESSURE  LEVEL AN0 PRESSURE  GRADIFNT  CONSTRAINT  CYCLES 
__ HOST C RITIC4L 
M O S T - C R I T I C A L  
- ~ "  
C GRPDIENT I 
D E L T A  C P . . 
C D - P L A N f  ORM LOCATlON  TNCREHEYT 
CYCLE M K ( P O S I T I V E   I S  IN PERCFNT) [ H E G A T I V E  IS ( I N  PERCENT) 
PLANFORM  LOCATION 
NUMBER 0 E SATISFACTORY)   SPANWISE  CHORDYlSE  SATISFACTORY)   SPANWISE  CHOROYISE 
A . O l @ O O  mS6140 -309442 80.0000 1oo.cuoo 
2 .01000 .46@22 
,001873 
a013603 
3 0 . 0 0 0 ~  8.6380 
. 3 .01000  e47296"-  . 1 050  75. 0 ~  100. cr)b 
80.0000 100.0000  .001 8  7 . 5 t ~ 0   ~ 9 . 7 2 0 2  
lrOU672 >5.9000 22.8567 
"- -~ - _ _ _ - ~  
_" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S O L U T I O N  FOR D E S I G N  C = .100000 
W I T H  3 CONSTRAINTS ON  PRESSURE  GRADIENT 
Y I T H  C CONSTRAINED  TO .010000 
"_ L 
~~ t i  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PLANFORM  OCATION OF S O L U T I O N   P R E S S U R E   C K ? T R A I N T S  f 3 G R A D I E N T  AND 0 L E V E L )  " 
SPANWISE  CHORDYISE 
(PERCENT)   (PERCENT)  
"" 
-. . -. -. . . - - . . . - 
" 
G R A D I E N T  CONSTRAINT 4 1  30.0000 8 .6380  
G R A D I E N T  C O N L T R A I N T  A T  7.5000 19.7202 
G R A D I E N T  CONSTRAINT AT 55.000b 22.8067 
" .0130OO ' .4$4800 -.1-454*1 e044701 ,213185 -e073990 -.I55339 -~041060 e128217 -.02775?  .134221  -e028291 
.. . -016580 e016252 ,005585 -moo4352 e000490 -a005353 .000810 i 2 ;  !?,>* . ., . & "  . 
L A G R A N P E   M U L T I P L I E R S  -e104929 -.147483  .281509  .3 5908 -.000694' .001247 
. . .  . .  . .  
000 233 -.000172 .oooa 75 .OOO" 
"
-a005317  -e141623 
. .  
C O N F I G U R A T I O N   F O R C F  AND  HOBENT  BRFAKDOWN " 
. ,  
L D 0 
WING .D9051 2 0 3 9 1 2  .003217 
FIJSELAGE .OOOOO .OOOOOl a003958 
" 
Y I N G  INDUCE0 ON FUSELAGE e 0 0 9 4 6  .Ob0824 ,002825 
" Y I N G   I N D U C E D  @ I 4  NACELLES 0.00000 .000212 0.000000 -""" """" """" 
TOTALS .1OOOU .00'1948 .010000 I 
969-500 17 LOAD  CHECK  CASE 22 SPAN S T A .  W I T H   F U S E L A G E  AND 2 TERMS 
, .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




X Y - P R I r l E   L I F T I N G   T H Z C N E S S   ' S U R F A C E  1 SURFACE : 5 U R F A C E  _ . _ _  
LOYER UPPER UPPER A /  . . !. ! ' - -r - -""" . c  c - ,  c * 2.i 5 7:: 4 ... . , c DC , ox . ':L.y?]-, . _ .  









. n ~ -  I 7 k  no- I o s  . n1 > a n a  . n 7 6 ~ 2 ~  - . 0 5 & 7 5 7  
e056762  -.OlBl62  -e004951 
.043200 -r035537 -.(r055?9 
-.QO4467 " C I A *  1 1  0 9 0 1  
1 
.fnrOOO ..938b84  .98?73A e12359b 4.994 I U S  m U A 0  I10 'i 10*048 -. ...  .".. 
750000 ,941024 __ 1.000000 -123579 -.055500  a017579 -e106002 -e001899 
.800000 e824147 0.000000 ,109456 m041500 
.800000 
e389578 -a019878 -bo13494 
.841018 
800000 -860551 
e131115  e133076 
,282922 ,1344a4 .004366 
e024355  ,085518 -e041559 -.DO5596 . 
.Ob7067 -a067417 -r004057 
800000 
.800000 
.881)005 e434729 ,127827 -mol4198 . 0 4 6 4 ~  -.oe1368 -.00307o 
899 b 18 - e586536 ,118248 - .030480 .OZbkOb -e091842 -.LO2015 
.800000 
.800000 
,919151  .73e342 
-938684 .890149 .. e108641 -.C51b89 
e105646 -e041961 e009039 -e096807 5.000837 
.00\)876 -.lOT765 -.003845 
.800000 e9S2819 1.000000 e1140Q5 -e056700 -.OOlkO3 -a115497 -.001236 
.900000  e87811  0.000000 .083804 .041400 
900000 
900000 








,658281 -.053628  OJS549
,104697 -.019611 
e 900060 
m028109 -e076588 -.LO4ZD6 
e900000 
*95U218 e814933 ,092433 -e042724 .000417  -.092 16 -moo5752 
e976410 1~000000 ,101239 -a055900 -.007531  lo8769-. 02287 
bom=""- 
- 
.07n302  - 055 -.om43 
"" "" - 
m950000 
950000 e919151 
.Ob8169  . o s 9  
,169159 ,097539 ,035482 
a002665 -.0179b0 
.076045 -a021493 -.0052lZ 







.030412 -e062768 -e034781 
e000733 -e087275 -.008685 
-. "____ m905092 0~000000 .u70635 -. . 
.950000  , 882 5l.O(r ~0 ,090474 -e056800 -.01SO63  -.lo55 7  -.006582 , 
___" 
1.000000 e932073 0 , O O O O U Y  .056750 e034900 ,053373 -e003375 -e021102 
1.000000  .9S8218 .088Bll .OX6316 e052261 -e036550 -a003088 
1.000000 
~384884 
1977751  ,672452 ,019809 -.003127 . e030421 -e049318 -e002550 ..... 
1.000000 -997284 .960016  .010340 -e022681 .011059 -a066681 -e004785 




M I N I M U H  OF ( C  
- - c  ) -  e0215 A T  80.0000 P E R C E N T   S E H I S P A N   A N 0  100.0000 PERCENT  CHORD 
P 
U P P E R   S U R F A C E   L I M I T  
P 
" 
HAXIHlJH OF ( C  - L I H I I T Y N G  C I =  
P 
e00073 AT 15.00 P E R C f h T   S E M I S P I N   A N D  10.40 PERZENT  CHORD.  
__-___--___ P 
G R I O I E N T   G R A D I E N T  
- 
D E L T A T  0 2.727 5EC.n T . 31.39L SEC.  
. . . . . .  ". . 
" 
. -  
SUtlHARY OF P Y k i S U R E   L E V E L  I N 0  P R C S S U R E   G R A D I E N T   C O N S T R A I N T   C Y C L E S  
... -. . . . . .  " . . . . . . . . . . . . . .  
HOST C R I T I C I L  
" . 
M O S T   C R I T I C A L   C   G R A D I E N T  
". ..... - . . . . . . . . . .  . . .  . .... PL.j;N.~-~R"-. LocArI.oN- P ... .. . - c  -. - . DELTA. C P 
C Y C L E  M K ( P O S I T I V E   I S  ( I N  P E R C E N T  1 . ( N E G A T I V E   I S  ( I N  P E R C E N T )  
IHCRE~ENT ." 
* . P L A N F b a M   L O C A T I O N  
NUH.BE 2 - . O  t S A T I S F A C T O R Y )  . S P A N d I S E   C H O R D W I S E .   . S A T I S F A C T O R Y )  . SPANhISE CHOROHISE- , .  . . . . . .  " . - . . .  
- .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S O L U T I O N  FJR O E T I G N  C - .100000 
Y I T H  2 CONSTRAINT?  ON PRESSURE  GRADIENT 
Y I T H  C C O N S T R I I N E D   T U .010000 
- - ". " " "___ L 
~ ~ 
n 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
- . . .. - ." " - - GRADIENT  CONSTRAINT  AT  7.5-0 19.7202 ____ -. " . .- . -- - 
G R A D I E N T   C O N S T R A I N T   T  55.OtiOO 22.8067 
" 
CFO ON N I C E L L E S  O.OOCO0 .UP0195 0 . 0 0 0 0 ~ 0  
.. . - 
TOTALS 
""_ """" """" ___ 
GO4831 ,010C00 
" .. , 
___-__ 
.. . 
969-500 17 L O A D  C H E C K " K < ~ T ~ K N  S T A .  YITHFUSELAGE AND z TERMS 
- .  
___" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " 
i' . 
.800000 e952819 1~000000 ell6870  -.056700;.: -rU0001(1 -.llb685 ,-rOOl541 . 
.900000 - a678110 0.000000 -.023012 .O454OO e024894 
.900000 899618 .218797 
900000 e019151 e417509  e12C382 
el09703 , e020906 
,007424 
.r)18189 -e031503 'e007375 
e062518  -e0 7 65 -.OO6056 
.900000  ,938684 
900000  e958218 
e616221  ,114578  -e0 9811
,824933 
a033049  -e981529  -e004189 
900000 e976410 1.0000C10 
e101682 -.OIL724 .005041 -a096641  -e004050 
,103289  -a055 00 -.006505 -e109795 -.003141 
950040 
e950000  m90 92 0.000000 -e049868 .046200 
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T h e  cathode  ray t u k e  (CRT) display  ana  program  coding for t h e  
des ign  and analysis   ystem  are   based on t h e  NASA-LRC CRT and 
assoc ia ted   sof tware .  However, a l l  d i sp l ay   pc r t ions  of t h e  system 
coding  are   subrout ined or  ove r l a id  from t h e  basic  programs, so 
t h a t  t n e  system  could be readi ly   conver ted  to other CRT 
arrangements. 
The bas i c   i npu t   pa rame te r   r equ i r ed   t o   ac t iva t e  the graghics  
r o u t i n e s  is the execut ive  card  CRT (punched i n  columns 1-3) , which 
may he placed a t  t h e  beginning of t h e  data deck, or anywhere e lse  
i n  t h e  i n p u t  t h a t  an execut ive  card  may be read, If t h e  CRT ca rd  
does  not  appear i n  the   da ta   deck ,   no   g raFhic   d i sp lays  w i l l  be 
generated. 
The  CRT card  i s  actually an on-off device,  Successive readings of 
t h e  CRT card either t u r n  on t h e  graphics ,  cr t u r n  them off and 
place  an end-of-file mark on the hard-copy f i l e ,  depending  upon 
t h e  Frevious   s ta tus  of t h e  g raph ic s   rou t ines ,  However, t h e  usual  
mode of graphics  opera t ion  i s  t o  p l ace  a CRT card a t  t h e  beginning 
of t h e  da t a  deck ,  i f  g raph ic s  a re  des i r ed ,  
BASIC CRT OPERATION 
Severa l  t y p e s  of video d i sp lays  a re  gene ra t ed  by t h e  design and 
analysis  system, using the NASA-LRC software.  These include: 
0 Menus 
A l i s t  of d isFlay  choices  w i t h  CorresFonding 
funct ion keys 
0 E d i t   t a b l e s  
A l i s t  of numhers w i t h  v a r i a b l e  names 
0 P l o t s  
Displays of x-y plots 
When a d i sp lay  is complete, one of t w o  system xressages w i l l  appear 
a t   t h e   t o p  of the   v ideo   sc reen ,  I f  t he  d i sp lay  is a menu, t h e  
message AWAITING OPERATOR ACTION w i l l  apFear, To cont inue 
prccess ing ,   the  user must p re s s  a de f ined   func t ion  key, s e l e c t e d  
frcm the nenu. The second  system  message i s  FLOT FRAME COMPLETE. 
When t h i s  message  appears, t h e  graphics  sof tware is programmed t o  
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allow (a) e d i t i n g  of the d i s p l a y   v a r i a b l e s ,  (bj resumption of 
program  execution, o r  (c) hard copy   p lo t   gene ra t ion -  If (b) i s  
s e l e c t e d ,   t h e   u s e r   p r e s s e s   f u n c t i o n   k e y  3 (NEXT FRAME) - Edi t ing  
and hard copy opt ions are d i scussed  on pages 254 and 255. 
Menus 
Menus c o n s i s t  of a set  of d i s p l a y  choices, t cge the r   w i th   de f ined  
function keys, Some menu l i n e s   d i s p l a y  se ts  of func t ion   keys .  
For in s t ance ,  a menu l i n e  may say FK KEY 6 DISPLAYS WING 
THICKNESS. Pressing  key 6 w i l l  b r i n g  UF a seccnd menu, wi th  t h e  
message FN K E Y S  1 THRU 20 IDENTIFY A I R F O I X  NUMBER, which  would 
r e q u i r e  t h e  u s e r  t o  select one of t h e  i n p u t   a i r f o i l s .  I% should 
be noted t h a t  the upper  key  number (20) is t h e  maximum number of 
airfcils  allowed i n  t h e  input .  For a p a r t i c u l a r  case, however, 
t h e  u s e r  may have   input  o ~ l y  7 a i r fo i l s .  If t h e   u s e r  now pres ses  
an undefined  funct ion  key (8 t h r u  54) t h e  message AWAITING 
OPESATOR ACTION w i l l  appear   and  another   funct ion  but ton  must  be 
chosen. 
E d i t  Tables 
If t h e  d i s p l a y  c o n t a i n s  a n  edit  tab le ,  the u s e r  may  now u s e  t h e  
console  keyboard t o  t y p e  i n  a new va lue  for a n y  v a r i a b l e  i n  t h e  
t a b l e .  The v a r i a b l e  name used on the d i s p l a y  i s  first typed,  
follcwed by a n   e q u a l   s i g n   a n d  t h e  new va lue ,   fo l lowed  by   the  
consc le   keys  FETURN and E0M. (e .g , ,  CONSTR (3)  = -1.0 w i l l  change 
t h e  t h i r d  va lue  of t h e  a r r a y  CBNSTR t o  - 1 - 0 ) -  The new va lue  w i l l  
be d i sp layed  a t  t h e  t o p  left  of t h e  video screer,, 
Tne LRC software allows the d e f i n i t i o n  of only one e d i t  format  per  
d i s p l a y  i n  the  using  program, It can  happen t h a t  there are bo th  
f i x e d  a n d   f l o a t i n g   p o i n t  numbers on t h e  s c r e e n  t o  be ed i t ed .  I f  
t h i s  happens, t he  edit  format   can  be changed by the typed-in 
message F'0RMAT = XXX RETURN E 0 M  (where XXX i s  t h e   d e s i r e d  
format) .  This format remaim i n  effect so long  a s  t h e  d i s p l a y  is 
up, i.e., u n t i l   k e y  3 i s  pressed.  I n  c a s e  of doub t ,   t he   d i sp l ay  
will i d e n t i f y  t he  c u r r e n t  format i f  t h e  message FQRMAT = RETURN 
EOM is typed. 
S p e c i a l  Usage of Key 55 
Funct ion  key 55 i s  used i n  t w o  ways. If the s t a t emen t  "RESUMES 
EXECUTION" appears  on t h e  menu l ine  and  key 55 is s e l e c t e d ,   t h e  
cur ren t   g raphic   p rogram w i l l  be   terminated  and  execut ion w i l l  
cont inue  a t  the  next execu tab le  statement encountered-  If t h e  
s t a t emen t  *IDISPLAYS PROGRAM (ZIPTION MENUII  appears  on t h e  menu l i n e ,  
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and key  55 is s e l e c t e d ,   t h e   c u r r e n t  menu w i l l  be e r a s e d   a n d   t h e  
p rev ious  menu r ed i sp layed .  
Hard-Copy Plots 
Each t i m e  t h e  system message "PLOT FRANE COMPLETE" appea r s  on t h e  
d i s p l a y  s c r e e n ,  t h e  u s e r  h a s  t h e  o p t i o n  of genera t ing  Var ian  hard-  
COFY F l o t s  of t h e   c u r r e n t   d i s p l a y ,   a s s u m i n g   t h e   r u n   t e r m i n a t e s  
normally  and t h e  job c o n t r o l   c a r d s   s p e c i f y  t h e  correct post- 
processo r .   Se l ec t ing   key  6 (RECORD PLOT) o r  key 8 (RECORD 
P I C T U R E )  followed  by key 3 (NEXT FRAME) w i l l  s a v e   t h e   d i s p l a y  
informat ion  and  cont inue  process ing .  
GkAPHICS USAGE 
The p r i n c i p a l   u s e s  ot t h e   g r a F h i c s   r o u t i n e s  ir? t h e   d e s i g n   a n d  
a n a l y s i s   s y s t e m  are  t o  d i s p l a y  the c o n f i g u r a t i o n ,   e d i t   n p u t  
geometry,  and to  d i s p l a y   a n d / o r  a l t e r  the basic   program 
c a l c u l a t i o n s .  
There i s  no F rov i s ion  i n  t h e  s y s t e m  t o  a l t e r  the i n p u t  d a t a  stream 
on- l ine ,  so t h e  i n t e n d e d  u s a g e  of t h e  g raph ' i c s  and  the  i n p t  d a t a  
c a r d  set UF mus t   be   ca re fu l ly   coo rd ina ted .   L imi t ed   capab i l i t y  t o  
redirect  the s y s t e m   c a l c u l a t i o n   s e q u e n c e  i s  a v a i l a b l e   a n d   t h e s e  
o p t i c n s  are d i s p l a y e d  o n  t h e  CRT s c r e e n  when ercountered.  
Geometry 
Conf igura t ion   georce t ry  may be d i s p l a y e d   e i t h e r  from t h e  PLOT 
module, or, ir. s i m p l i f i e d  form, from the  gecxretry  module.  The 
PLCT d i sp lay   d raws  a p i c t u r e  of the c o n f i g u r a t i o n   o n   t h e   s c r e e n  
(as i n s t r u c t e d  by  t h e   i n p u t   v i e w   c a r d s )  , Dut h a s  no  e d i t  
c a F a b i l i t y .  A l l  e d i t i n g  of geometry  must be performed i n   t h e  
geometry module. 
When the  geometry  module is e n t e r e d  f r o m  t h e  e x e c u t i v e  t o  r e a d  or  
change   conf igu ra t ion   geomet ry   ( execu t ive   ca rds  GEOM, GEQM NEW, 
FSUP or WGUP) , t h e  CET program DISGEQM is used to d i s p l a y  a n d / o r  
e d i t  the conf igura t ion   geometry .  The f i r s t  Kenu g e n e r a t e d   g i v e s  
the u s e r  the o F t i o n  of execu t ing  or bypass ing  t h e  v i d e o  d i s p l a y s :  
F N  K E Y  1 DXSFLAY AND EDITS GEOMETRY 
FN KEY 5 5  RESUNE EXECUTIOK 
When key 1 i s  s e l e c t e d ,  t h e  program opt ion menu appears:  
LPN KEY 1 DISPLAYS COKFIGURATION PLANFORM 
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F N  KEY 2 
F N  KEY 3 
F N  KEY 4 
F N  KEY 5 
F N  KEY 6 
F N  KEY 7 
F N  KEY 8 
F N  K E Y  9 
F N  KEY 10 
F N  KEY 11 
P N  KEY 1 2  
F N  KEY 13 
FN KEY 1 4  
P N  KEY 1 5  
F N  KEY 16 
FN KEY 17 
FN KEY 18 
FN KEY 19 
Ffi KEY 20 
FN KEY 2 1  
F N  KEY 2 2  
FN XEY 23 
F N  KEY 5 5  
D I S P L A Y S  FUSELAGE  AREA VS X 
DISPLAYS WING CAMBER (5  vs X) 
DISPLAYS WING CAMBER (33 vs Y) 
D I S P L A Y S  WING CAMBFJ? ( 5 / C  vs Y) 
DISPLAYS WING THICKNESS ( S I C  vs  X/C) 
DISPLAYS  FUSELAGE  SECTIONS  (NON-CIRCULAR) 
ECITS  CONFIGURATION  CODES 
EDITS PERCENT CHORD ARRAY 
EDITS X,Y,% AND CHORD (AILRFQILS 1-10) 
EDITS X,Y,% ANC CHORD (AIRE '0 ILS  11-20) 
E C I T I D I S P L A Y  WING T. E. (TBBRD) 
E D I T i D I S P L A Y  WING T.E. (T550RD + %LE) 
E L I T I D I S P L A Y  WING THICKNESS ( Z i C  V S  X/C) 
EDITS  FUSELAGE X =RAY 
EDITS FUSELAGE 55 ARRAY 
EDITS  FUSELAGE AREA AERAY 
E D I T S   X , Y , E  AND G OF NACELLES 
E D I T S  NACELLE X A R M Y  
ECITS NACELLE R ARRAY 
EDITS X,Y,B AND CHCRD O F  FIN A I R F O I L S  
E D I T S  X , Y , B  AND CHORD O F  CANARD A I R E O I L S  
EDITS CAMBER ARRAY 
RESUMES  EXECUTION 
The  t a b l e  below d e s c r i b e s  t h e  t u n c t i o n  of e a c h  key. 
"- KEY "_ FUNCTION 
1 A plan  view of t h e   c o n f i g u r a t i o n   g e o m e t r y  i s  
d i s p l a y e d .  
2. A Flot of f u s e l a g e  area v e r s u s   s t a t i c n  i s  d i s p l a y e d .  
3 .  Given 'an a i r f o i l  number 1 t h r o u g h  20 ( 1  be ing   mos t  
i nboa rd ]  a s ide  v i e w   p l o t  of camber (camber   value + E of 
l e a d i n g   e d g e )   v e r s u s   s t a t i o n  a t  t h e  Y of the s p e c i f i e d  
a i r f o i l  is d i s p l a y e d .  
4 .  Given a percent   chord  number 1 t h r o u g h  2 1  (1 a t  l e a d i n g  
e d g e ) ,  a rear v i e w   p l o t  of camber (camber v a l u e  + E of 
l e a d i n g   e d g e )   v e r s u s  Y a t   t h e   p e r c e n t   c h o r d   s p e c i f i e d ,  
i s  d i s p l a y e d .  
5. Same a s  key 4 b u t  camber v a l u e   v e r s u s  Y 
6 .  G i v e n   a n   a i r f o i l  number 1 t h r o u g h  20 ( 1  b e i n g  most 
i n b o a r d ) ,  a s i d e  v i e w   p l o t  of a i r f o i l   h a l f   t h i c k n e s s  
(upper   and lower) v e r s u s   p e r c e n t   c h o r d   a t  t h e  s p e c i f i e d  
a i r f o i l ,  i s  d i s p l a y e d .   T h e   a r r a y  cf t h i c k n e s s e s  (THK) 
i s  d i s p l a y e d  below the p l o t  and may b e   d i t e d  by the 
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u s e r .  THK (1)  r e p r e s e n t s   h e   h a l f   t h i c k n e s s  a t  t h e  
l ead ing  edge .  
G iven   t he   t u se l age   s egmen t  number 1 th rough 4 ,  a n d   t h e  
s e c t i o r .  number 1 th rough 30 w i t h i r .  the segment, t h e  Y 
and E c o o r d i n a t e s  d e f i R i n g  t h e  f u s e l a g e  h a l f  - s e c t i o n  a r e  
d i s p l a y e d .  Tne h o r i z o n t a l  X a x i s  i s  p o s i t i o n e d  
v e r t i c a l l y  a t  t h e  f u s e l a g e  c e n t e r l i n e  Z v a l u e  ( E F U S ) .  
T h e   k a s i c   g e o m e t r y   i n p u t  parameters 50 t h rough  XBARIN 
are  d i s p l a y e d  on t h e   s c r e e n   a n d  nay be e d i t e d   b y   t h e  
u s I r .  The  program  def ined  format  i s  14.. I f  it i s  
n e c e s s a r y  t o  mod i fy   va r i ab le s  REFA, CBAR o r  X B A R I N  t h e  
user m u s t  f i r s t   c h a n g e   t h e   f o r m a t  to f l o a t i n g   p o i n t ,  
such  as  F8.4. 
The   pe rcen t   cho rd   a r r ay  (XAF) i s  d i s F l a y e a  on t h e  s c r e e n  
and  may h e  e d i t e d  by t h e  u s e r ,  
Four   a r r ays ,  XLED,  YLED, ELED and  CLED r e p r e s e n t i n g   t h e  
X, Y and E c o o r d i n a t e s  o f  the i n p u t  a i r f o i l  l o c a t i o n s  o f  
t h e  wing   lead ing   edge   and  t h e  a i r f o i l  chord l e n g t h s  are  
d i s p l a y e d  on t h e   s c r e e n   a n d  may be e d i t e d  by t h e   u s e r .  
Key 10 d i s p l a y s  c o o r d i n a t e s  of f i r s t  10 a i r f o i l s  a n d  k e y  
I 1  t h e  l a s t  10 a i r f o i l s .  
12/13  Keys  12  and 13 p r o v i d e  a s p e c i a l   c a F a b i l i t y  t o  remove 
t t sp ikes l t  o r  i r r e g u l a r i t i e s  i n  t h e  King camber s u r f a c e ,  
A p l o t  of c a m b e r l i n e  E v a l u e s  (from a r r a y  WZ0RD) o r  E + 
The c o r r e s p o n d i n g   t a b l e  of E or  Z + ELE v a l u e s  i s  
d i s p l a y e d   i n  a t a b l e   u n d e r  t h e  p l o t ,  which may be 
e d i t e d .  When t h e  NEXT FRAME key i s  d e p r e s s e d ,   t h e  
following menu appears :  
e v e r s u s  Y a l o n g   t h e  wing t r a i l i n g   e d g e  i s  d i sp layed .  
FN KEYS 1 THRU 2 1  DISPLAY PERCENT CHORE LINES 
T R A I L I N G  EDGE MAY BE ECITED 
FN KEY 33 TWISTS WING TO MATCH EDITED T O E ,  
FN KEY 3 U  5ESTARTS W I T H  O R I G I N A L  CAMBER CEFINITION 
FN KEY 44 SAVES NEW CAMBER DEFINITION 
FN KEY 55 D I S P L A Y S  PRQGRAM OPTION MENU 
1-2 1 A p l o t  of B or !3 + BLE v e r s u s  Y a t  t h e  p e r c e n t  
21 The E or B + E L E  a r r a y  is d i s p l a y e d  below t h e  plot 
3 3  If t h e  t r a i l i n g  edge has been edited, the remainder  
c h o r d  s e l e c t e d  is d i s p l a y e d .  
and may be e d i t e d .  
of t h e  camber s u r f a c e   d e f i n i t i o n  i s  a l t e r e d ,  by 
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l i n e a r  t w i s t ,  t o  a g r e e   w i t h   t h e   t r a i l i n g   e d g e  
c h a n g e .   T h e   t r a i l i n g   e d g e  is r e d i s p l a y e d .  
Restart  o p t i o n ,  If the change  to  t h e  t r a i l i n g  edge 
was made i n c o r r e c t l y ,   t h e   o r i g i n a l  camber s u r f a c e  
may be r e c a l l e d   a n d   t h e   e d i t i n g   r e d o n e .  (The 
restart o p t i o n  i s  a v a i l a b l e   u n t i l   k e y  44  i s  
depres sed )  
The wing  camber   sur face ,  WEeIiD, which  was a l tered 
i n  a s c r a t c h   a r r a y   u n t i l  ncw, i s  permanent ly  
changed t o  match t h e   s u r f a c e   d i s p l a y e d   u n d e r   k e y  
33 .  
55 Re tu rn  t o  r e d i s p l a y   c o x r p l e t o   o p t i o n  menu. 
Given a n  a i r f o i l  number 1 th rough  2 0 ,  a s ide v i e w   p l o t  
of a i r f o i l  t h i c k n e s s   v e r s u s   p e r c e n t   c h o r d  i s  d i s F l a y e d .  
T h e   t h i c k n e s s   a r r a y  of t h e  s p e c i f i e d   a i r f o i l  i s  a l s o  
d i s p l a y e d  beltzw t h e  plct and  may be e d i t e d .  
Given a fuse l age   s egmen t  number 1 th rough  4, t h e   a r r a y  
of f u s e l a g e  X v a l u e s   f o r  t h e  segment  are  d i s p l a y e d   a n d  
may b e  e d i t e d .  
Given a fuse l age   s egmen t  number 1 t h rough  4,  t h e  a r r a y  
of f u s e l a g e  e v a l u e s   f o r   t h e  segment are d i s p l a y e d   a n d  
may h e  edited. 
Given a fuselage  segment   number  1 t h r o u g h  4, t h e   a r r a y  
(A) o f   f u s e l a g e  area values f o r   t h e   s e g m e n t  a r e  
d i s p l a y e d  a n d  may be e d i t e d .  
Four a r r a y s ,  X, Y ,  E and D ,  r e p r e s e n t i n g  t h e  c o o r d i n a t e s  
of t h e  n a c e l l e  o r i g i n s  are d i s p l a y e d   a n d  may b e  e d i t e d ,  
Given a n a c e l l e  number 1 th rough  9,  t h e  a r r a y  of n a c e l l e  
X c o o r d i n a t e s  are d i s p l a y e d  a n d  may be edited. 
Given a n a c e l l e  number 1 t h r o u g h  9 ,  t h e   a r r a y  (R)  of 
n a c e l l e  r a d i i  v a l u e s  a r e  d i s p l a y e d  and may be e d i t e d .  
Given a f i n  number 1 t h r o u g h  6 ,  t h e   v a r i a b l e s  XL, YL, E 
L, CL, XU, YU, HJ and CU, r e p r e s e n t i n g  t h e  X,Y,P, and 
c h o r d   l e n g t h s  of tne lower and   upper  f i n  a i r f o i l s  a r e  
d i s p l a y e d  a n d  may he e d i t e d .  
Given a c a n a r d  number 1 or 2, t h e  v a r i a b l e s  X I ,  Y I ,  BI, 
CI, XO, YO, EO and CO, r e p r e s e n t i n g  t h e  X , Y , E  and   chord  
l e n g t h s  o f  the i n b o a r d  a n d  o u t b o a r d  c a n a r d  a i r f o i l s  a r e  
d i s p l a y e d  a n d  may be e d i t e d .  
Given  an airfoil number 1 t h r o u g h  2 0 ,  t h e   a r r a y  (C) of 
camber v a l u e s  f o r  t h e  a i r f o i l  a r e  d i s p l a y e d   a n d  may be  
e d i t e d .  
Sk in  F r i c t ion  Modu le /Nea r -F ie ld  Wave Crag Module 
t h e  s k i n   f r i c t i o n  proqram e x e c u t e s ,   t h e  force c o e f f i c i e n t  
surrmary from the   p rog ram may be s e e n , - o r   b y p a s s e d ,   a c c o r d i n g  t o  
the menu below: 
FN KEY 1 DISPLAYS SKIN F R I C T I O N  RESULTS 
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FN KEY 55 RESUMES EXECUTION 
S i r i l a r i l y ,   f u n c t i o n  keys 1 and 55 d i s p l a y  or bypass  the summary 
r e s u l t s  from t h e  near f i e l d  p r o g r a m  when it execu te s ,  
Fa r -F ie ld  Wave Drag Module 
When the f a r - f  ield wave drag  p rogram execu te s ,  t he  menu choice of 
d i s p l a y  or bypass f i r s t  comes up. If d i s p l a y  ( F N  key 1)  is 
selected, the disp lay   p rogram (DIS080) w i l l  g i v e  the  u s e r   t h e  
opticn o f  g e n e r a t i n g  d i s p l a y s  as  fol lows:  
FN KEY 1 
F N  KEY 2 
FN KEY 3 
F N  KEY 4 
F N  KEY 5 
F N  KEY 6 
FN KEY 7 
FN KEY 8 
FN KEY 55 
EEASES SCREEN 
D I S P L A Y S  G R I D  
CISPLAYS BODY AREA VS X 
DISPLAYS OPTIMUM BODY AREA VS X 
C I S P L A Y S  CONFIG AKEA VS X 
DISPLAYS  kESTFtAINED  CONFIG A R E A  VS X 
INTERRUPT PROGRAM TO ALIDW HARE COPY PLOT  GENERATION 
DISPLAYS FAR F I E L D  WAVE DRAG SUMMATION 
RESUMES  EXECUTIDN 
The u s e r ' s  o p t i o n s  a t  t h i s   p o i n t  are d i f f e re r r t   f rom t h e  other 
d i s F l a y s .  Here t h e   u s e r   c o n s t r u c t s   t h e   p l c t  t o  i n c l u d e  as many 
c u r v e s  a s  d e s i r e d ,  with or  wi thout  a g r i d ,  , and may or  may n o t  
g e n e r a t e  a .hard  copy plot. To v,iew t h e   c o n f i g u r a t i o n   a r e a  plot, 
t h e  u s e r  need  only select, key 5 (xollcwed by key 1 t o  remove t h e  
p l o t ) .   I f   t h e   u s e r   w a n t s  a h a r d   c o p y   p l o t  cf a l l  c u r v e s  with a 
g r i d ,  h e  selects keys 2,3,4,5,6 and 7 fo l lowed by keys 6 or 8 and 
3 (NEXT FRAME). H e  may t h e n   r e s u m e   x e c u t i c n ,   d i s p l a y   t h e   d r a g  
summation or  b u i l d  a new d i s p l a y  a f t e r  e r a s i n g  t h e  c u r r e n t  d i s p l a y  
w i t h  k e y  1. 
I f  t h e  u s e r  se lects  key 8, t h e  menu is erased   and  the wave d rag  
prcgram  drag summary i s  p r i n t e d   ( i l l u s t r a t e d  by t y p i c a l   v a l u e s ) :  
7 0  CHARACTER T I T L E  ARRAY FOR CURRENT  CASE 
CASE= 1 4  MACH= 2 . 7 0 0  NX.= 50 NTHETA= 36 
WXNG VOLUME CHECK 
EXACT  V0LUNE = 11432.023 
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OPTIMUM EQ- B 0 C Y  CDW* = 
AVERAGE EQ. B0CY CDW* = 




At t h i s  p o i n t ,  the s y s t e m  message PLOT FRAME  CBMPLETE w i l l  appear.  
To get a h a r d  c o p y  p l o t  of the d i s p l a y ,  press key 6 or 8. 
T o  c o n t i n u e ,  t h e  user selects key 3 which erases t h e  s c r e e n  and 
r e - d i s p l a y s  the f u n c t i o n  k e y  menu. 
NOTE: T h e r e  i s  o n e   i n s t a n c e  when t h e  wave d r a g   d i s p l a y  
s u b r o u t i n e  w i l l  n o t  be called. Tha t  i s  when the  
r e s t r a i n t   p o i n t s   e x c e e d  allcwable s t o r a g e  of 3 3 ,  which 
c a u s e s  t h e  o p t i m i z a t i o n  c a l c u l a t i o n s  t o  be o m i t t e d -  
Wing Cesign Module 
The g r a p h i c s  c a p a b i l i t y  o f  t h e  w i n g  d e s i g n  p r c g r a m  consists of: 
0 d i s p l a y  of l v b u c k e t g g   p l o t ,   d r a g - d u e - t c - l i f t  factor  (KE) 
Q KE v e r s u s  Cmo for camber s u r f a c e   c c m t r a i n t   s o l u t i o n s ,  
0 E d i t i n g  of t h e   d e s i g n   s o l u t i o n   v a r i a k l e s  (Cmo, CL) and  
0 C o n t i n u a t i o n  to next  i n p u t  case or r e t u r n  to e x e c u t i v e  
v e r s u s  Cmo- 
i f  r e q u e s t e d  
c o n s t r a i n t  or restart codes 
The  des ign  camber  sur face ,  which  i s  a u t o m a t i c a l l y  s t o r e d  i n  common 
b lock  CAMBER, c a n  be viewed i n  the geometry module,  b u t  n o t  i n  t h e  
wing  des ign  rodule .  
The i n i t i a l   d i s p l a y  t o  a p p e a r   i n  t h e  wing   des ign  module is t h e  
byFass  o r  d i s p l a y  menu: 
FN KEY 1 DISPLAYS BUCKET PLOT 
FN K E Y  55 RESUMES EXECUTION 
When key 1 i s  sElected, t h e  optimum d r a g - d u e - t o - l i f t   v e r s u s  Cmo 
81t=ucketg1 plot  is d i s p l a y e d .   A d d i t i o n a l   s y m b o l s   a r e  a l so  p l o t t e d ,  
g i v i n g   t h e   f l a t  wing ( . + I ,  u n i f o r m   l o a d  (x) , a n d   t h r e e  term ( A ) 
s o l u t i o n s .  (The  uniform load a n d   t h r o e  term s o l u t i o n s  will b e  
p l o t t e d  o n l y  i f  those s o l u t i o n s  h a v e  b e e n  c a l c u l a t e d ) .  
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A f t e r  t h e  b u c k e t  plot is g e n e r a t e d ,  t h e  NEXT FRAME key  beings up 
t h e  set  of c u r r e n t  d e s i g n  i n p u t s :  
7 0  CHARACTER TITLE OF CURRENT CASE 
CMO = - 0 2 0 0  
CLDEIN = ,1000 
RESTART = 2.0000 
CfZNSTR(1) = 1.0000 
C0NSTR(2) = 1.0000 
CeNSTR(3) = 1 .OOOO 
CaNSTR(4)  = 1.0000 
The   user  may e d i t  any of the v a r i a b l e s  on the d i sp lay .  If  e d i t i n g  
is performed, the wing design case may t h e n  be re -execu ted  when 
t h e  NEXT FRAME key i s  aga in   depressed ,   which  generates the menu: 
FN KEY 1 EXECUTES NEXT CASE 
F N  KEY 55 CALCULATES EEITED  DESIGN  POINT 
If key 5 5  is selected, t h e  p rogram  r e tu rns  to the wing 
o p t i m i z a t i o n  o v e r l a y ,  a n d   r e c a l c u l a t e s  t h e  w i n g   d e s i g n   f o r   t h e  
ed i t ed  d e s i g n   i n p u t s .  I f  key 1 is selected, the program  cont inues  
t o  t h e  next statemer,t i n  the normal e x e c u t i o n  Frocess. 
When the wing d e s i g n  case i s  completed,   and key 1 is s e l e c t e d ,  a 
f i n a l  c p t i o n  menu i s  d i sp layed :  
FN KEY I TEEMINATES WING DESIGN PROGRAM EXECUTION 
F N  KEY 55 kEADS NEXT DATA CASE 
The Furpose of this c h o i c e  i s  to p e r m i t  the user tc a b o r t  a series 
of wing design i n p u t  cases once  the desired wing d e s i g n  has been 
ob ta ined .  
L i f t  A n a l y s i s  Module 
G r a F h i c s  o p t i o n s  p r o v i d e d  i n  the a n a l y s i s  m o d u l e  c o n s i s t  of: 
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0 D i s p l a y   a n d   e d i t i n g  of wing t w i s t  a r r a y  
0 E d i t i n g  of c o n f i g u r a t i o n   a n g l e  of a t t a c k ,   a n d   c a n a r d   a n d  
0 E d i t i n g  of Mach numbzr,  and i n p u t s  SYNM,  WHUP, and  
0 D i s p l a y  of w i n g   p r e s s u r e   c o e f f i c i e n t s   a n d   f u s e l a g e  
0 D i s p l a y  of f o r c e   c o e f f i c i e n t  summary 
h o r i z o n t a l  t a i l  s e t t i n g  (if used)  
ANYBIZID 
upwash 
The i n i t i a l  menu s e e n  is: 
F N   K E Y  1 D I S P L A Y S  WING TWIST (DEG) VEXSUS S P A N  
FK KEY 2 EDITS WING ThIST A R R A Y  
FN KEY 3 EDITS C A N A R C   A N G L E S  OF A T T A C K  
F N  K E Y  4 E D I T S  SY" ,  WHUP and A N Y B 0 D  
F N   K E Y  55 RESUMES EXECUTION 
The u s e r  selects the f u n c t i o n  k e y  associated w i t h   t h e   t a s k  
d e s i r e d ,  n o t i n g  t h e  f o l l o w i n g  c o n d i t i o n s :  
1. I f   f u n c t i o n   k e y  1 is s e l e c t e d   a n d  nc  t w i s t  a r r a y  w a s  
i n p u t ,  no p l o t  w i l l  be g e n e r a t e d ,   a n d   t h e   u s e r  w i l l  be 
r e q u i r e d  t o  select  a n o t h e r  f u n c t i o n  K e y .  
2. If func t ior r   key  2 i s  selected, t h e   v a r i a b l e  T W X S T N  ( the  
c u r r e n t  number of twist a n g l e s  i n  the a r r a y  ATWIST) and  
t h e  ATWIST a r r a y  are  d i s p l a y e d .  I f  E n t r i e s  axe added o r  
de le ted  i n  ATWIST, a cor responding   change   mus t  be made 
i n  TW-ISTN. 
3 .  If f u n c t i o n   k e y  3 i s  selected, t h e   v a r i a b l e  ALPN ( t h e  
c u r r e n t  number of c a n a r d  a n g l e s  of a t t a c k  ir, a r r a y  T C A )  
a n d   t h e  TCA a r r a y  are  d i s p l a y e d ,  I f  e n t r i e s  are  added 
or  d e l e t e d  i n  TCA, a cor res ,mnding   change  must be made 
t o  ALPN. 
When key 55 i s  s e l e c t e d ,  t h e  a n a l y s i s  m o d u l e  c c n t i n u e s  e x e c u t i o n ,  
h a l t i n g  w i t h  t h e  menu, 
FN 'KEY 1 D I S P L A Y S  UPWASH V E R S U S  PERCENT CHORD 
FN KEY 2 D I S P L A Y S  UPWASH V E F t S U S  PERCENT S E M I - S P A N  
FN KEY 3 DISPLAYS WING PRESSURE VEESUS FEIiCENT CHORD 
F N  KEY 4 D I S P L A Y S  W I N G  PRESSURE V E R S U S  FERCENT SEMI-SPAN 
FN K E Y  55  RESUMES E X E C U T I O N  
which  Frovides  the d i s p l a y  o p t i o n s  i n d i c a t e d .  
S e l e c t i o n  ot' k e y s  1 t h r o u g h  4 b r i n g s  UF cne of the f o l l o w i n g  
secondary menus: 
FN KEYS 1 THRU 2 1  IDENTIFY  SEMI-SPAN PERCENT 
FN K E Y  5 5  D I S P L A Y S  PROGRAM OPTION MENU 
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E N  K E Y S  1 THRU 11 I D E N T I F Y  P E R C E N T  CHBRC 
FN KEY 55  D I S P L A Y S  PROGRAM O P T I O N  M E N U  
FN K E Y S  1 T H R U  4 1  I D E N T I F Y  SEMI-SPAN P E R C E N T  
F N  KEY 5 5  D I S P L A Y S  PROGRAM O P T I O N  M E N U  
F N  KEYS 1 THkU 20 IDENTIFY P E R C E N T  CHOEC 
FN KEY 55  D I S P L A Y S  PROGRAM O P T I O N  MENU 
If no f u s e l a g e  w a s  i n p u t ,   f u n c t i o n   k e y s  1 o r  2 will produce  no 
r e s p c n s e .  Key 55 r e t u r n s  t o  the p r imary  menu, 
Upcn r e sumpt ion  of t h e   a n a l y s i s   c a l c u l a t i o n s ,   p r o g r a m  F I N I S H  is 
entered which h a l t s  w i t h  the menu: 
FN KEY 1 DISPLAY DRAG D U E  TO L I F T  PROGRAK R E S U L T S  ANC 
EDIT NEXT HORIZONTAL T A I L   A N G L E  
FN KEY 55  RESUMES E X E C U T I O N  
I f  key 1 i s  s e l e c t e d ,  the d r a g  summary t a b l e  i s  p r i n t e d  
( i l l u s t r a t e d  w i t h  t y p i c a l  v a l u e s )  : 
70 CHARACTER TITLE FOIi CURRENT CASE 
PAACH NUMBER = 2.70 
C O N F I G U E A T I O N  ALPHA = 0 . 0 0  
CARAkD  ALPHA = 0.00 
H O R I Z O N T A L  T A I L  ALPHA = 0.00 
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NEXT H C F I Z O N T A L   T A I L  A L P H A  (TFALP) = 1.50 
Ir! t h e  t ab l e ,  the ( o t f )  and (on) re ter  t o  n a c e l l e s .   C a n a r d  a lpha  
and h c r i z o n t a l  t a i l  a l p h a s  are n o t  p r i n t e d   i f  I?O c a n a r d  o r  
h o r i z c n t a l  t a i l  i s  p r e s e n t .  
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It  i s  p o s s i b i e  t o  t r i m  t h e  c o n f i g u r a t i o n  b y  t h e  p r o p e r  s e l e c t i o n  
of h c r i z o n t a l  t a i l  angle. I f   t h e r e  w i l l  be a n o t h e r   h o r i z o n t a l  
t a i l  angle ,  i t s  v a l u e  i s  i n d i c a t e d  as shown,  The  value may be 
e d i t e d  by t y F i n g  THALP = XXX EETUEN E0M. Key 3 (NEXT FRAME) will 
then resume execut ion.  
A b r o a d e r  e d i t i n g  c a p a b i l i t y  for a l t e r i n g  t h e  c a l c u l a t i o n  s e q a e n c e  
i s  enab led   by   t he  next menus t o  a p p e a r ,  The F r i m a r y  menu sets up 
t h e  choice: 
FN K E Y  7 ALLOWS USER T O  VIEW AND EDIT MACH NUMBER, 
CONFIGURATION ALPHA AND CANARD ALPHA, FOR 
CUFGEN'I AND NEXT EXECUTION  CYClE 
FN KEY 55 RESUMES EXECUTXON 
S e l e c t i o n  o f  k e y  1 d i s p l a y s  t h e  c u r r e n t  Mach nurrtber, c o n f i g u r a t i o n  
alpha a n d   c a n a r d   - a l p h a ,  I n  a d d i t i o n ,  i t  d i s p l a y s  t h e  n e x t  
pa rame te r  i n  t h e  c y c l e  t o  change,  which may I=E e d i t e a  by the u s e r  
( t y F i c a l  v a l u e s  a re  shown): 
CURI;ENT MACH KUMBER = 
CUkl?F.NT CONFIGURATION ALPHA = 
CUERENT CAKAEC ALPHA = 
2.14 
7: 70 . 50 
NEXT CANAED IiLPiIA (CAN) = . 95 
NEXT COKFIGURATION ALPHA (C08) = 1-87 
NEXT MACH KUMBEE (XMCH) = 2.30 
- or - 
- or  - 
The  Frogran   execut ior?   sequence  is c a n a r d  a l p h a  loop, c o n f i g u r a t i o n  
a l F h a  1 0 0 ~  ana Mach number loop, i n  that o r d e r ,  When t h e  
i n d i v i d u a l  loops a re  complete, tne words CURRENT and NEXT are 
r e p l a c e d  w i t h  LAST. 
The u s e r  has the o p t i o n  of e d i t i r , g  t h e  v a r i a b l e s  CAN, CQN and XMCH 
when t h e y  a F p e a r  on t h e  s c r e e n .  
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